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ABSTRACT

This document presents the findings of an extensive study of the
shipbuilding and repair industry. Its purpose is to provide specific
guidance for the development of discharge permits to be issued under
the authority of Section 402 of the Federal Water Pollution Control
Act as amended. These permits are issued by state and federal
authorities participating in the National Pollutant Discharge
Elimination System (NPDES).

The studies conducted by the Environmental Protection Agency (EPA)
determined that ¢the imposition of national industry-wide numerical
limitations and standards is impractical at this time. This document,
therefore, provides guidance which recommends specific best management
vractices. Such management practices should be tailored to specific
facilities. This determination shall in no way restrict the use of
numerical limitations in NPDES permits.

The kest management practices identified in this document shall be
guidance for the determination of best practicable control technology
currently available, best available control technology economically
achievable, and best available demonstrated control technology.
Supporting data and rationale are contained in this document.
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SECTION I

CONCLUSIONS

An engineering evaluation of graving dock and floating drydock
operations was conducted to determine potential for generation of
pollutants from skipbuilding . and repair operations. The
practicability of establishing numerical effluent guidelines was
evaluated. Current techniques employed by shipyards were evaluated
with respect to practices which reduce constituent 1levels in
discharges and with respect to variations in repair practices within
- the industry. ' o

The conduct of the work involved contacts with thirty-eight shipyards,

engineering visits with data collection in seven shipyards, and
sampling during ship repair operations in two shipyards.
aAdditionally, prior work conducted by the EPA, discharge data
collected in response to NPDES discharge permit monitoring, and
relevant 1literature prepared by the EPA, Navy, and private shipyards
were evaluated. ‘ -

This industry is such that numerical effluent limitations are
impractical and difficult to apply in a manner which could be
monitored; therefore, guidance is provided for controlling wastewater
pollutant discharges which regquire that best management requirements
be applied. ‘

The quality of the water discharged from drydocks is highly dependent
upon the process used for removal of paint, rust, and marine growths
from the metal surfaces of ship hulls. These materials are found
mixed in the spent blasting material. Rust and marine growth removed
‘from the sides of the ship may increase quantities of solids in the
waste streame.

Spent paint contains compounds of copper, zinc, chromium, tin and
lead, as well as organotin compounds (References 5, 6, 8, and 15).
Copper, 2Zinc, chromium, and 1lead have been identified as priority
pollutants and as suchk, their discharge must be subject to control.
The paint contributes to the so0lid load in the waste stream as well as
coming in- - contact with stormwater, flooding waters, hosewater, and
water spills. Additionally, it can be washed, pushed, or blown into
uncovered drains or shore waters. :

Antifouling paints are of particular concern. Toxic constituents,
such as copper or organotin compounds are used in these paint
formulations. Oof special concern are the new organotin antifouling
paints due to irritant and toxic effects of the paint.
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The evaluation of literature, observations, and data leads +to the
following conclusions: :

1. Segregation of water, except rainwater, from debris on
¢ drydock decks and removal of debris, spent ‘paint and
abrasive are the two most practical methods for reducing

discharge of solids and wastewater.

2. Yards servicing freshwater vessels generally do not use
abrasive .blasting in preparing the hull for painting;
therefore, some recommendations have been identified to be
deleted for yards not using abrasive blasting.

3. Existing floating drydocks cannot be effectively monitored
by normal sampling procedures because water drains from a
rising dock through many scuppers, the ends, between
pontoons, and through other openings.

4. on the basis of available sampling data, the type and the
degree of activity occurring in the yards do not relate
consistently to levels of pollutant constituents present in
the wastewater.

5. Innovations such as closed-cycle blasting and vacuum
equipment are currently in the development stage and show
promise for increased productivity, reduction in airborne
particulates, improved working conditions, and reduced
abrasive blasting debris accumulations in drydocks.

6. Clean-up practices appear to enhance productivity by
improving working conditions and allowing workers greater
access to work areas. e

7. Current regulations governing oil and grease spills are
applicable to floating drydock and graving dock operatlons
during flooding and defloodinge. -

BRI ¥ & ce R Tkt ‘
The above conclusions are based upon data obtained during sampling at
two facilities and similar data from other sources. Due to the nature
of the facilities, sampling techniques are difficult to employ and
estimates of the pollutant load had to take into account the processes
occurring and the material balance. A complete . material balance on
the abrasive and spent blasting debris was considered and rejected
because of inherent inaccuracies. Such factors as the unknown
quantity of marine growth present on the hull, the unknown amount of
paint to be removed, and uncontrollable introduction of rainwater and
leakage into the abrasive blasting debris contribute to these
inaccuracies. Further, dispersion of the material in the dock and
possible inclusion of other forms of debris (for example, sediment and
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marine organisms which enter during flooding and when the caissons are
open) compound the problems associated with a material balance.

Shipyard practlces strongly influence the amount of waste produced.

U Yards serv1cxng only freshwater vessels produce no spent antifouling
paints since antifoulants are not used on freshwater vessels.
Freshwater vessels are rarely subjected to abrasive blasting and thus
the spent primer paint and abrasive are not produced.

shipyards servicing commercial oceangoing vessels remove paint, both
antifouling and anticorrosive, to varying degrees depending on the
desires of the vessel owner (Reference 5). Naval vessels are
customarily stripped of paint to bare metal, whereas commercial

~ vessels are stripped to bare metal only occasionally and more
frequently only lightly sand blasted to prepare the surface to receive
a coating of paint. Spent antifouling paint thus occurs in shipyards
in different quantities.

Graving docks are subject to inflows of water which are not
encountered with floating drydocks. Groundwater and gate leakage are
the two major sources. Rainfall varies with climate but constitutes a
third source. These inflows must be pumped from graving docks while
rainfall can run off floating drydocks.

Leachability of spent paint is still an unresolved question. Primers
containing lead oxide and zinc chromate do not appear to pose a
leaching problem. Antifouling paints containing copper oxide may be
leachable under some conditions, but factors such as amount of active
material remaining, water pH, water temperature, water hardness,
particle size, and contact time would appear to influence the amount
of leaching if it occurs (References 5, 16, 17). Organotin paints may
present hazards to workers during dry abrasive blasting. These paints
are relatively new and little experience has been .accumulated with
them. Major unknowns with organotin paints are those of the extent of
emission of tributyl-tin-oxide or tributyl-tin-fluoride (toxicants),
the conversion of the organotin compounds to inorganic tin, and again,
the actual leachability of the material. Formulations are prepared in
differing concentrations depending upon the ownerst' specifications and
the expected life of the protective coating.

Finally, it is concluded that a number of management practices are
used at some yards which can be adapted to the needs of other yards.
All facilities practice some degree of clean up at various times,
although this may consist only of moving debris out of the work area
when accumulations interfere with operations. During the docking
period, some facilities use extensive clean-up procedures. In general
drydock clean up is directed toward improving productivity and safety
and toward maintaining acceptable working conditions. Both mechanical
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and manual methods are in use. Control of water flows within the
dock, like clean-up procedures, vary with each facility. :

t re——
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SECTION IT

RECOMMENDATIONS

Based on the results of various studies, it 1is concluded that
numerical effluent guidelines should not be established at this time
" because the nature of the discharge is _not conducive to nunerlcal
monitoring. ‘

On the basis of practices observed -in and reported by various
shipyards, . Best Management Practices (BMP) have been developed for
general application, and should be considered as gqguidance in 1lieu of
~numerical limitations. These are recommended . for shipyard
implementation by each individual facility in a manner best suited to
the particular needs and conditions prevailing. The magnitude of the
problem, equipment needed, physical drydock factors, scheduling, etc.,
should be considered in developing a plan to abate pollution.

The following specific requirements shall be incorporated in NPDES
vermits and are to be used as guidance in the development of a
specific facility plan. Pest Management Practices (BMP) numbered 2,
5, 7 end 10 should be considered on a case-by-case basis for yards in
which wet bklasting to remove paint or dry abrasive blasting do not
occur, and BMP 10 does not apply to floating drydocks.

BEST MANAGEMENT PRACTICES (BMP)

BMP 1. Control of large Solid Materials. Scrap metal, wood and
plastic, miscellaneous +trash such as paper and glass,
industrial scrap and waste such as insulation, welding rods,
packaging, etc., shall be removed from the drydock floor
prior to flooding or sinking.

BMP 2. Control of Blasting Debris. Clean-up of spent paint and
abrasive shall be undertaken as part of the repair or
production activities to the degree technically feasible to
prevent its entry into drainage systems. Mechanical clean-
up may be accomplished by mechanical sweepers, front
loaders, or innovative equipment. Manual methods include
the use of shovels and brooms. Innovations and procedures
which improve the effectiveness of clean-up operations shall
"be adapted, where they can be demonstrated as preventing the
discharge of solids.. Those portions of the drydock floor
which are reasonably accessible shall be "scraped or broomed
clean" (see Glossary) of spent abrasive prior to flooding.

After a vessel has been removed from the drydock and the
dock has - been deflooded for repositioning of the keel and

et e g et
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bilge blocks, the remaining areas of the floor which were
previously inaccessible shall be cleaned by scraping or
broom cleaning prior to the introduction of another vessel
into the drydock. The requirement to clean the previously

¢ inaccessible area shall be waived either in an. emergency
situations or when another vessel is ready to be introduced
into the drydock within fifteen (15) hours. Where tides are
not a factor, this time shall be eight (8) hours.

BMP 3. 0il, Grease, and Fuel Spills. During the drydocked period
011, grease, or fuel spills shall be prevented from reaching
drainage systems and from discharge with drainage water.
Cleanup shall be carried out promptly after an oil or grease
spill is detected. ) ,

BMP 4. Paint and Solvent Spills. Paint and solvemt spills shall be
treated as oil spills and segregated from discharge water.
Spills shall ' be contained until clean-up is complete.
Mixing of paint shall be carried out in locations and under
conditions such that spills shall be prevented from entering
drainage systems and discharging with the drainage water.

BMP 5. Abrasive Blasting Debris (Graving Docks). Abrasive blasting
debris in graving docks shall be prevented from discharge
with drainage water. Such blasting debris as deposits in
drainage channels shall be removed promptly and as
completely as is feasible. In some cases, covers can be
placed over drainage channels, trenches, and other drains in
graving docks to prevent entry of abrasive blasting debris.

The various process wastewater streams shall be segregated
from sanitary wastes. Gate and hydrostatic leakage may. also
require segregation.

BMP 6. Segregation of Waste Water Flows in Drydocks. The various
process wastewater streams shall be segregated from sanltary
wastes. Gate and hydrostatic 1leakage may also require
segregation.

BMP 7. Contact Between Water and Debris. Shlpbcard coollng and
process water shall be directed so as to minimize contact
with spent abrasive and paint and other debris. Contact of
spent abrasive and paint by water can be reduced by proper
segregation and control of wastewater streams. When debris
is present, hosing of the dock should be minimized. Wwhen
hosing is used as a removal method, appropriate methods
should be incorporated to prevent accumulation of debris in
drainage systems and to promptly remove it from such systems
to prevent its discharge with wastewater.

TR N

. ____________________________________________________________'" '
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BMP 8. Maintenance of Gate Seals and Closure. Leakage through the
gate shall “be” minimized b by repair and maintenance of the
sealing surfaces and proper seating of the —gate.
Appropriate channelling of leakage water to the drainage

. ) ‘ system should be accomplished in a manner that reduces

: contact with debris. ,

BMP @9, Maintenance of Hoses, 8011 Chutes, and Pipinge. ~Leak1ng
. connections, valves, pipes, hoses, and soil chutes carrying
-either water or wastewater shall be replaced or repaired
immediately. Soil chute and hose connections to the vessel
and to receiving lines or containers shall be positive and

.as leak free as practicable.

BMP 10. Water Blasting, Hydroblasting, and Water-Cone Abrasive
Blasting (Graving - Docks). When water blasting, hydro-

blasting, or water-cone blasting is used in graving docks to
remove paint from surfaces, the resulting water and debris
shall be collected in a sump or other suitable device. This
.mixture then will be either delivered to appropriate
containers for removal and disposal or subjected to
treatment to concentrate the solids for proper disposal and
prepare the water for reuse or discharge.
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SECTION III

INDUSTRY CHARACTERIZATION

Shipbuilding and repair operations have been identified by EPA as a
division of the ship construction industry requiring consideration of
point source discharges which may require effluent limitation
guidelines. Specifically, graving docks and floating drydocks were
evaluated with respect to the potential contamination of receiving
waters by wastes ogenerated by ship repair and discharged during
flooding of graving docks, immersion of floatxng drydocks, or with
drainage water and runoff.

An engineering evaluation .0f graving dock and floating drydock
operations was conducted to determine potential for generation of
wastes from shipbuilding and repair operations in graving and floating
drydocks. The practicality of establishing numerical effluent
"limitation guidelines was evaluated for drydocks. The evaluation was
accomplished by:

o Literature Research

o Contacting and visiting shipyards
o Observing ship repair operatidns and the applications of

methods designed to reduce or eliminate pollutional
constituents in effluents

o Sampling and analyzing discharge constituents

o Determining the feasibility of monitoring and sampling of
waste discharges from graving docks and floating drydocks

o Evaluating the technology being utilized to treat or control
pellutant discharges, and determining what applicable
technology may be applied to minimize the dlscharge of
pollutants to receiving waters

There are eighty-four shipyards in the Unlted States that utilize
graving and floating drydocks. Among the shipyards are sixty-eight
" araving docks and 151 floating drydocks. In the conduct of the work,
thirty-eight shipyards were contacted on the Atlantic Coast, Gulf
Coast, Great Lakes and Inland Waterways, and Pacific Coast to
determine which of the major shipyards are involved in minimizing
pollutant discharges by utilizing specific control methods. Seven
shipyards, referred to in the text by letters A through G, were
visited to observe operations and record data. Samples were taken
from the discharges from graving docks of two of these seven
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shipyards, shipyards B and D. The samples were analyzed and the
constituent 1levels were evaluated with respect to the ship repair
operations being performed and the  discharge control methods utilized.
The analyses were combined with other engineering data to establish
the degree of pollutant discharges, to define the nature of discharges
from ship repair operations, and to recommend effluent limitation
guidelines if practicable or alternatives to guidelines if necessary.

BACKGROUND - The Clean Water Act D

The Federal Water Pollution Control Act Amendments of 1972 established
a comprehensive program to "restore and maintain the chemical,
physical, and biological integrity of the Nation®s waters." . Section
101(a) . By July 1, 1977, existing industrial dischargers were
required to achieve %"effluent limitations requiring the application of
the best practicable control technology currxently available" (“BPT"),
Section 301(b) (1) (A); and by July 1, 1983, these dischargers were
required to achieve "effluent limitations requiring the application of
the best available tecknology economically achievable ... which will
result in reasonable further progress toward the national goal of
eliminating the discharge of all pollutants® (¥BAT"), Section
301(b) (2) (3) . New industrial direct dischargers were required to
comply with Section 306 new source performance standards ("NSPS"), -
based on best available demonstrated technology; and new and existing
discltargers to publicly owned treatment works ("POTWs") were subject
to pretreatment standards under Sections 307(b) and (c¢) of the Act.
While the requirements for direct dischargers were to be incorporated
into National Pollutant Discharge Elimination System (NPDES) permits
issued under Section 402 of the Act, pretreatment standards were made
enforceable directly against dischargers to POTWs (indirect
dischargers). o

Although Section 402(a) (1) of the 1972 Act authorized the setting of
requirements for direct dischargers on a case-by-case basis, Congress
intended that, for the most part, control requirements would be based
on regulations promulgated by the Aadministrator of EPA. Section
304 (b) of the Act required the Administrator to promulgate regulations
providing gquidelines for effluent limitations setting forth the degree
of effluent reduction _ attainable through the application of BPT and
BAT. Moreover, Sections 304¢c) and 306 of the Act required
promulgation of regulations for NSPS, and Sections 304(f), 307(b), and
307 (c) required promulgation of regulations for pretreatment
standards. In addition to these regulations for. designated industry
categories, Section 307(a) of the Act required the Administrator to
promulgate effluent standards applicable to all dischargers of toxic
pollutantse. Finally, Section 6501(a) of the Act authorized the
Administrator to prescribe any additional regulations ‘mecessary ' to
carry out his functions" under the Act.

10
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EPA was unable to promulgate many of these regulations by the dates
contained in the Act. In 1976, EPA was sued by several environmental
groups, and insettlement of +this 1lawsuit EPA and the plaintiffs
executed a "Settlement Agreement", which was approved by the Court.

G This Agreement required EPA to develop a program and adhere to a
schedule for promulgating for 21 major industries BAT effluent
limitations guidelines, pretreatment standards, and new source
performance standards for 65 "priority" pollutants and classes of
pollutants. See Natural Resources Defense Council, Inc. v. Train, 8
ERC 2120 (D.D.C. 1976), modified March 9, 1979.

Oon December 27, 1977, the President signed into law the Clean Water
Act of 1977. Although this law makes several important changes in the
Federal water pollution control program, its most significant feature
is its incorporation into the Act of several of the basic elements of
the Settlement Agreement program for toxic pollution control.
Sections 301(b) (2) (a) and 301(b) (2) (C) of the Act now require the
achievement by July 1, 1984, of effluent 1limitations requiring
application of BAT for "toxic" pollutants, including the 65 "priority"
pollutants and classes of pollutants whick Congress declared "toxic"
under Section 307(a) .of the Act. Likewise, EPA's programs for new
source performance standards and pretreatment standards are now aimed
principally at toxic pollutant controls. Moreover, to strengthen the
toxics control program, Congress added Section 304(e) to the Act,
authorizing the Administrator to prescribe Y“best management practices®
("BMPs") to prevent the release of toxic and hazardous pollutants from
plant site runoff, spillage or leaks, sludge or waste disposal, and
drainage from raw material storage associated with, or ancillary to,
the manufacturing or treatment process.

In keeping with its emphasis on toxic pollutants, the Clean Water Act
of 1977 also revised the control program for non-toxic pollutants.
Instead of BAT for "conventional® pollutants identified under Section
304 (a) (4) (including kiological oxygen demand, suspended solids, fecal
coliform and pH), the new Section 301(b) (2) (E) requires achievement by
July 1, 1984, of v"effluent limitations requiring +the  application of
the best conventional pollutant control technology" ("BCT"). The
factors considered in assessing BCT for an industry include the costs
of attaining a reduction in effluents and the effluent reduction
benefits derived compared to the costs and effluent reduction benefits
from the discharge of publicly owned treatment works {Section
304 (b) (4) (B)). For non-toxic, nonconventional pollutants, Sections
301(L) {(2) (A) and (b) (2) (F) regquire achievement . of BAT effluent
limitations within three years after their establishment or July 1,
1984, whichever is later, but not later than July 1, 1987.
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SUMMARY OF METHODS USED FOR DETERMINING THE PRACTICALITY OF EFFLUENT
LIMITATIONS GUIDELINES AND STANDARDS OF PERFORMANCE .

The recommendations and standards of performance proposed herein have
¢ been developed in the following manner.

Industry and Waste Load Categorization

The industry was first studied to determine whether or not separate
limitations and standards would be required for different divisions
within the category. Factors considered included the nature of the
physical facilities involved, the types of activities performed,
processes within each activity, and materials used.

Raw waste characteristics were then identified. This included
analyses of (1) the sources and volumes of water required in each
process, (2) non-process related sources of wastes and wastewaters,
and (3) the components potentially present in wastewaters. ‘

Wastewaters originating from the vessel in drydock included sanitary
wastes and cooling water. (Sanitary wastes are not included in the
scope of this document). Dock originating wastewaters were identified
as gate and dock leakage, rainfall, water from occasional wet blasting
operations, and water wused in flooding the drydock for docking and
undocking of the vessels. o

The major concern with respect to potential pollution problems was
identified as spent paint and abrasive blasting material. Hull
cleaning practices were found to vary within each yard contacted, and
the magnitude of this potential problem likewise varies.

Recommendations for reducing or eliminating potential environmental
hazards have been based upon information obtained in the course of
this effort, prior work performed by other organizations, and
literature available as reference material.

Treatment and Control Technologies

The range of control and treatment technologies within the industry
was identified. Included were both treatment technology and operating
practices. Applicability and reliability of each treatment and
control technology were investigated, as was the required time for
implementation. In addition, environmental impacts of such
"technologies upon otker pollution problems, such as air and solid
waste, were identified. ‘

12
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Data Rase .

Engineering data was obtained from a number of sources including EPA
and U.S. Navy research information, EPA, Navy and State environmental
< personnel, trade associations, published 1literature, qualified
technical consultations, and historical information on effluent
cguality and quantity. 1In addition, on-site engineering visits and
analytical programs were conducted at specific shipyards and other
shipyards were contacted for information. Table IXII-1 describes the
extent of this shipyard information acquisition program. NPDES permits
and water pollution control plans for these facilities were reviewed.
Results of monitoring required under the permits were of value when
samples were taken at outfalls directly related to drydock operation.

Table I1X-1

SUMMARY OF SHIPYARD INFORMATION
ACQUISITION PROGRAM

Total in :
Category No. Contacted “Visited
‘ of Docks (No.' ' No. of Docks No. of Docks
Category ‘ of Shipyards) (No. of Shipyards) (No. of Shipyards)
" Graving Docks '
East Coast ' 35 (14) | 15 ( 6) 5 (2)
Great Lakes 8 ( 5) 8 ( 5) 2 (1)
Gulf Coast 3 (3 ' 0 (0 0 (0)
West Coast 18 ( 5) ' 12 (W) 4 (2)
Total 68 (27) : 35 (15) 11 (5)
Floating Drydocks
. : v .
East Coast - 58 (21) 29 ( 8) 3 (1)
Great Lakes 7 ( 3) . ‘ ’ 7 ( 3). 0 (0)
Gulf Coast 36 (21) : 13 ( 6) 2 (1)
West Coast . 50 (23) 30 (11) 4 (2)
Total - 151 (68) 79 (28) 9 (4)

Previous work has been performed by others in an effort to
characterize and limit discharges from-'shipyard activities. One such
study by Hamilton Standard Division of United Technologies, Inc.,
recommended clean-up techniques rather <than effluent 1limitations
(Reference 1).

13
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other studies have been performed in an effort to facilitate issuance
of NPDES permits. The EPA Office of Enforcement, Denver, = Colorado
conducted studies of San Diego and Newport News harbors. On the basis
of its findings, housekeeping measures were recommended, primarily to

¢ prevent contact between water and spent abrasive and paint blasted
from the vessels (Reference 2).

Various leaching studies have been performed to determine whether or
not spent paint and abrasive are leachable. Section V discusses the
results of these studies. These previous efforts have been considered
in the current work.

Cost information was obtained directly from industry during shipyard
visits, from engineering firms, equipment ‘suppliers, .and from ‘the
literature. These costs have been used to develop general capital,.
operating, and total costs for each treatment and control method.
This generalized cost data was used to estimate the costs of Best
Management Practices in Section VIII.

Selection of Facilities

From the total population of drydocking facilities thirty-eight were
contacted by telephone to obtain information on practices and
operations, seven were visited by project personnel, and of the latter
group two were selected for sampling of wastewater during operations.

shipyards contacted by telephone were located in all geographic areas
of the continental United States. Visits were conducted to yards
located on the East, West, and Gulf Coasts, and on the Great Lakes.
Sampling was conducted on the East and West Coasts.

GENERAL DESCRIPTION OF INDUSTRY

Activities carried out At Shipyard Facilities

The shipbuilding and repair industry is engaged in building,
conversion, alteration, and repair of all types of ships, barges, and
lighters. These activities encompass a broad range of functions, such
as: erection of structural steel frameworks and fastening steel plates
to the framework to form-a hull; application of paint systems to hull;
installation of a variety of mechanical, electrical, and hydraulic
equipment within the structure; repair of damaged vessels; replacement
of expended or failed paint systems; and restoration of malfunctioning
equipment and systems to operational condition. Typical of the trade.
skills involved in this industry are: shipfitters; metalsmiths;
welders and burners; machinists; electricians and electronic
technicians; pipefitters and coppersmiths; carpenters, joiners and
patternmakers; painters; riggers and laborers; blacksmiths;
boilermakers; and foundrymen. Not all of the listed activities,

14
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‘functions, or trade skills are utilized at every facility. Some of
the functions require placing the ship into drydock, e.g., replacing
underwater paint systems. Only those facilities providing drydocking
capabilities are covered in this document.

Graving Dock‘Descrigtion

Graving docks are constructed w1th sides and a bottom and with a gate
at the water end. The bottom is located below the adjacent water
surface level with sufficient depth to allow floating of a vessel into
the dock. Operations consist of positioning keel blocks on the bottom
of the dock to match the keel surface of the ship, flooding the dock
by opening valves, opening the gates, positioning the vessel over the
keel blocks, closing the gates, and pumping the water out of the
graving dock. During maintenance operations, the graving dock is kept
dry by sump or stripping pumps which remove fluids and water by
_-providing suction thtrough drains located at low points in the docke.
After completing operations on the vessel, the dock is £flooded, the
gates are opened, .and the vessel is floated out of the dock. The
~ gates to the graving dock are closed and the water is pumped out to

make preparations for receiving another vessel, or, if identical
vessels are being maintained, the next vessel is moved into the dock
orior to removing the water.

Graving docks are usually constructed of concrete although they may
occasionally be of timber or steel sheetpile cell construction.
Figure III-1 1illustrates typical cross section and plan views of a
concrete graving dock and includes the designations of drydock
features.

The preferred method of entrance closure is by floating caisson.
Other available types of closure are: miter gates, flap gates, set-
in-place gates, sliding. caissons and rolling caissons. Floating
caissons are watertight structures with flooding and dewatering
systems for operation. For design of hull, floating stability, and
all operational purposes, they are symmetrical both transversely and
longitudinally. Miter gates were probably the first satisfactory
mechanical gates. ‘Each closure consists of a pair of gate .1leaves,
hinged at the dock walls, swinging horizontally so that when closed,
the free ends meet in fitted contact. Gates are moved by means of a
hawser to a nearby power capstan. The sides and bottoms of the gates
bear against seats in the drydock walls and floor. A flap gate is a
rigid, one-plece gate hinged at its bottom, and swinging downward and
outward. It is a compartmented structure with means for varylng its
bouyancy for raising and lowerlng. Set-in-place gates are in various
forms, and may be built in one piece or multiple sections. They are of-
beam and plate construction, with reactxons carried to the walls by
girders and to the floor by beams. Sliding caissons and rolling
caissons are built-in box shapes, mounted on hardwood sliding surfaces

15
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or metal rollers which move them into or out of—place. They 'may be
equipped with air chambers for bouyancy which reduce the work of
moving.

. There are three general methods used for admitting water into graving
docks. These methods are: (1) through culverts built into the lower
parts of sidewalls and connected to floor openings spaced along a dock
~length, (2) through culverts passing transversely under the floor near
the entrance with openings leading upward into the floor, or (3)
through ducts in an entrance closure caisson.,xég;

Graving docks have two dewatering systems. The collector channel, a
wide, deep, grating covered open culvert leading to the pump suction
chamber, handles <the greater portion of water pumped out of the
flooded graving dock. Installation of a settling basin may be
justified because abrasive materials harmful to pumps and pump
fittings may be washed off a grav1ng dock floor into the pumping
system where damage may result.

The main dewatering system of a drydock usually includes: (1) the
suction inlet located within the dock chambers; (2) the suction
passage and culvert; (3) pump suction chamber; (4) pump suction
bells; (5) pumps; (6) discrarge, check, and gate wvalues; (7) discharge
culvert including backwash trash rack; and (8) hinged stop gate.

- Where pumping plants are designed to remove water from more than one
dock, additional sluice gates are required to permit independent
pumping of the docks. At least two main dewatering pumps are usually
required to achieve reasonable dewatering tlmes.

A secondary system collects the last few 1nches of water blanketing
the graving dock floor. This system has sloping 1longitudinal floor
drain culverts near the sidewalls which lead to collector channels at
pump wells. The culverts may have rectangular cross-sectional areas '
of several square feet. They are covered by securely anchored strong
gratings. Drainage ard sump pumps, of lesser capacity than the main
dewatering pumps, are provided to remove . seepage, precipitation,
caisson and valve leakage, and wash water, and to clear the dewatering
pump suction chamber and drainage system.

ships in graving docks 4o not ordinarily £ill all their own
requirements for mechanical services essential for work, habitation,
comfort, and protection. Some services, particularly those required
for repairs and cleaning associated with the docking operations, must
be supplied from dockside facilities. Such services include the
delivery of ' steam, compressed air, water, systems for tank cleaning,
and oxygen and acetylene or electricity for welding. Utility services
are provided to ships in drydock by 1lines from service galleries
located around the upper perimeter of the dock. The drydock also has
a tank cleaning system. Means must be provided to  keep a docked
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vessel far enough above the floor to permit work on its keel, giving
proper allowance for removal or installation of sonar domes, rudders,
propellers, and similar parts. Blocking arrangements are laid out in
the dock in accordance with the docking plan for each individual
. vessel. Keel blocks are placed under the longitudinal centerline keel.
of the vessel. Bilge or side blocks are located according to
dimensions indicated in the table of offsets on the vessel!s docking
plan. In some cases, block slides are built- into the dock itself. 1In
addition, such ‘supporting facilities as industrial shops,
transportation facilities, weight and materials handling equipment,
personnel and storage facilities are normally 1located in close
proximity to drydocks. . ’ :

Floating Drydock Description .
Drycock -

As implied by its name, a floating drydock floats on the water with
the bottom of the drydocked vessel above the water surface. The
floating drydock is a non-self-propelled mobile structure. The
floating drydock consists of a platform and associated ballast tanks
used to raise ships above the water 1level for work which requires
exposure of the entire hull. Ballast tanks are flooded and the dock
platform is submerged to a predetermined 1level beneath the water's
surface. A ship is then moved over the dock and positioned over .
preset keel and bilge blocks on the floor of the dock platform. This
position is maintained as the ballast tanks are dewatered. Dewatering
the ballast tanks lifts the ship and drydock platform floor above the
surface of the water (RPeference ). )

The following discussion of the sinking and tefloatlng procedures
along with a schematic representation of the action is quoted from
Appendix A of Reference 4.

"Many different types of floating drydocks have been developed.
The specific characteristics of the various types differ
considerably as a consequence of the different requirements
dictated from considerations of technical, operational, or
strategic nature. However, the basic general features and ‘- the
related termlnology are, more or less, the same for all types of
docks.

*Figure III-2 illustrates the various parts of a typical floating
drydock. The nomenclature used in the figure is standard.

—— T

*The lower, horizontal portion of a U-shaped trcugh which forms
the dock structure is called the pontoon. The top of the
pontoon, the pontoon deck, forms a platform on which are three or
more rows of blocks which support a ship when docked. The
pontoon constitutes the main platform for the work to  be
performed on the docked ship. In order to increase the working
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platform, cantilevered extensions, outriggers, are fitted at the
ends of the pontoon deck. The outriggers do not bear any part of
the ship's weight, but are particularly convenient for setting up
staging around the ends of a long shipe.

tabove the two sides of the pontoon stand the side walls. The
side walls extend vertically to form, with the pontoon, the U-
shape of the dock trough. The top of the side walls is
sufficiently high as to be afloat when the dock is submerged to
receive the 1largest ship it is capable of docking. The side
walls usually extend to the full length of the dock. The top
deck of each side wall provides the necessary equipment and
working space for handling the ship's docking 1lines. Gantry
cranes required for handling material travel .on tracks along the
length of the top decks. :

*Flying bridges are often installed at one or both ends of the
top decks, to provide personnel passage between the top decks.
They consist of hinged cantilever arms, which can be swung open
to permit the shlp to enter or leave the docke.

*Most of the space contained within the pontoon and side walls is’
utilized as ballast tanks. The admission of water to or its
removal from these spaces creates the forces that cause the dock
to submerge or rise. The remaining space consists of chambers
which keep the dock afloat and their size determines the limit to
which the dock will submerge when all ballast tanks are full.
Spaces, termed buoyancy chambers in the pontoon and the safety
compartments in the wing walls, serve this purpose. These
" buoyancy chambers, not being subject to flooding, may also be
utilized to accommodate machinery, equipment, personnel quarters,
mess rooms, workshops, and stowage spaces. v

'The larger floating drydocks are sectionalized to facilitate
movement overseas and to render them capablp of self-dockinge.
They can transit the Panama Canal. %

*One type of floating drydock, : the closed basin, ARD type,
differs somewhat .in design and operation from the other docks.
The forward end of.the dock is closed by a' structure resembling
the bow of a ship; the aft end is opened and closed by operation
of a stern gate. Lift forces are provided by emptying the
ballast tanks and by emptying the dock basin.

*Figure III-3 shows typical 1ns;de and outside water levels for a
complete docking cycle."

20

NWMAR116980




4

DOCK WITHOUT SHIP - DOCK WITH SHIP

LIGHT DRAFT

B e~

PONTODN DECK AWASH

DOCK SUBMLRGED TO
TOP OF KEEL DLOCKS

=
MAXTMUM IU!ME.OENCC sIp COMFL:‘I’ELV WAYCR.Oth

FIGURE II1-3, Typical Inside and Outside Water l.eve'ls For Comp'lete
Docking Cycle of Floating Drydock :

21

- ————
gz 2

e,

NWMAR116981



shipyard Practices

This section is limited to discussion of those operations normally or
most frequently performed in dryjock with full recognition that almost
the entire range of activities listed in "Activities Carried oOut at
¢ Shipyard Facilities" above are available and may on occasion be
required. The basic functions of a drydock are the construction and
repair of ships and the cleaning, and painting of ships' bottoms,
propellers, rudders, and the external parts below the water line.

Drydocks provide access to the ship's bottom and utilities services to
shipyard personnel. Drydocks supply gas, electricity, ‘steam,
compressed air, fresh water, and salt water to the ship in drydock
from lines attached to or embedded in the drydock. Processes involved
in drydocking include docking, undocking, tank cleaning, abrasive and
chemical paint removal, painting and mechanical repair of various
ships! parts. Mechanical repairs of machinery, welding, cutting of
plates, and alterations of a ship's structure are other functions
performed in drydock (Reference 5).

Tank cleaning operations remove dirt and sludges from fuel tanks and
bilges on the ship. Workmen spray detergents, or hot water, into the
emptied tanks by injecting cleaners into the steam supply hoses.
Spent wash water in the tanks is pumped by Wheeler (TM) machines,
which are combination pump and storage tank units, .into tank trucks or
barges for subsequent disposal (Reference 5).

The almost universally preferred method of preparing steel surfaces
for application of a fresh paint system for saltwater immersion is dry
abrasive blasting. For solely freshwater immersion, light
hydroblasting (a water sweep) may be adequate to remove loose, flaking
or non-adhering paint in preparation for refurbishing paint systems.

With the exception of the closed-cycle blast machines being currently

being developed and evaluated, all blasting presently carried out

within drydocks is done manually. Three manual blasting methods are

used within drydocks, and the characterlstlcs of the debris produced -
by each method are markedly different.

Dry abrasive blasting is a process by which the blasting abrasive is
conveyed in a° medium of high pressure air, through a nozzle, at
velocities approaching 450 feet per second. This type of blasting
produces the highest relative amount of dust, and resulting residues
are dry. Dry blasting is used for virtually all tank interior work
and extensively on exterior hull work (Reference 6).

The two other manual blasting methods are wet abrasive blasting in
which water replaces air as the propellant and water cone blasting in
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which a spray of water surrounds the air driven abrasive streams

(Reference 7).

Organotin antifouling paints may produce toxic dust if subjected to
dry blasting. Thus, wet blasting techniques are used when removing
- these paints (Reference 6). Wet or slurry blasting is also used in
cleaning special underwater equipment, such as resin-constructed sonar
"domes, to protect them from dJdamage (Reference 8). Wet blasting
procedures significantly reduce dust occurrence. A rust inhibitor may
be added to the water or slurry to prevent rusting of surfaces before
painting. Rust inhibitor solutions may vary but usually will be
composed of diammonium phosphate and sodium nitrite along with the
abrasive grit and water.

An abrasiveless method of blasting using jets of high pressure water,
hydroblasting, has been demonstrated for some purposes. Generally,
this will only remove surface debris and loose or flaking paint. BRy
going to very high pressures, on the order of 10,000 psi, adhering
paint can be removed to bare metal. Hydroblasting is rarely used in
shipyard operations.

- BRlasting practices were found to vary widely between facilities. Many
factors influence this, some of which are discussed 1later in this
section. Table III-2 summarizes the blasting practices used in
shipyards visited during the conduct of this study. Type of blasting,
frequency of occurrence, amount of paint removal, and blasting medium
are qualitatively indicated, as are the type and number of docking
facilities. : :
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Table III-2

ABRASIVE BLASTING

Usual Amount

, ‘"Blasting
Ship- Facilities Type of Frequency of Medium*
yard __FD GD_Blasting Paint Removal
A 3 1 Dry Usually Usually to Camel
Bare Metal Black
B -0 5 Dry Usually Depends on Black
Vessel, Sand Beauty
Sweep to
Bare Metal
C 0 2 Dry Rarely None NA
D 2 3 Dry, Also Usually Usually to Kleen
Closed Cycle Bare Metal Blast
E 0 1 Dry Usually Depends on Kleen
Vessel Blast
F 0 2 Dry Rarely Only for - - Black
Repair Work Beauty
Campbell
Black #2
G 2 0 Dry Usually Depénds on sand
Vessel, Never Blast

*By trade name.

FD = Floating Drydock, GD

€0 Bare Metal

= Graving Dock, NA = Not Applicable |
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¢ Of the seven facilities visited, none uses wet blasting routinely and

' only one indicated its - use on rare occasions. Shipyard F uses
abrasive blasting only in -conjunction with repair work such as
weldlng. : : '

. There are two techniques in use for dry abrasive blasting. The first,
generally known as "“sand sweep," is frequently used on.commercial
vessels to remove marine growth, fouling and delaminating coatings
only in preparation for refurbishment or renewal of paint systems.
The second, more frequently used on naval vessels, removes marine
growth, fouling, and all paint down to "white metal” and abrades the
‘metal substrate to provide a suitable surface for adherence of a
complete fresh coating system.

The following procedure quoted from Reference 9, describes the entire
cycle of abrasive blasting. It applies equally well to dry or wet
abrasive blasting except for addition of water at the appropriate
point in the cycle. It should be noted that the full cycle is not
carried out at all shipyards - e.g., some facilities have the grit
delivered to their site in the hoppers from which it flows into the
pressure pot.

"Procedure

o Abrasive is delivered in large quantities as a free flowing
material by covered- rallway hopper  car or dump truck.

o Abrasive is transferred from shipping unit to storage areas
by allowing abrasive to flow from shipping unit onto
conveyer belts that dump it into forklift hoppers or
directly into storage bins. Usually, abrasive storage will
be covered by a permanent structure or temporary covers
(canvas or plastic tarpaulin).

o When abrasive is required, large hoppers, in excess of 6-ton
capacity, are loaded by scoop tractor or vacuum loaders.
When ' full, these hoppers are transferred to the job site by
forklift truck.

o Abrasive from these hoppers is transferred into the pressure
pots, usually by gravity feed.

o Finaily, the abrasive is propelled from the sandblast nozzle
by compressed air to forcibly impinge on the surface being
cleaned.

o Spent abrasive, paint particles, fouling organlsms, and

other debris fall to the drydock floor.
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o The debris from the sandblast operations is picked up by
scoop tractors, hand shovels, and/or other method for

d transfer to hoppers or skip boxes.
o In some shipyards, spent metallic abrasive is reclaimed and
¢ reused, but abrasive contaminated with antifouling paint is

discarded in designated landfill areas."

The abrasive may be either metallic or nonmetallic. Practically all
blasting 1is done with certain by-product mineral abrasives which are
low in free silica content. The specification (Reference 10) used by
naval shipyards purchasing grit allows a maximum of 5 percent free
silica content. The constituents of abrasive blast materials
currently in use by U.S. Naval Shipyards are shown in Table III-3.
Rationales of naval shipyards for purchasing particular abrasives
include: low free silica content; 1less dusting; performance;
availability; and price (Reference 8). Commercial facilities use the
same or similar materials for like reasons. :

Ships in drydock may be painted internally, on the hull and on the
superstructure. Because the painting of the superstructure does not
require a dry hull and because drydock availability is limited and
expensive, superstructures are frequently painted while the ship is at
berth or at sea. The bulk of painting activity in a drydock is on a
ship®'s hull and internal fuel and@ water tanks. Anchor chains, anchors
and portable ships' machinery are frequently placed on wooden pallets
in the drydock for painting. Paints applied to protect metal from
corrosion or fouling are sprayed onto most surfaces although painting
of irregularly shaped objects such as chains is sometimes performed
with brushes. Occasionally paints are applied to flat or gently
curving surfaces by roller. ' ‘

There are two kinds of paint spraying equipment in use. One uses a
stream of compressed air to convey the paint from container to surface
being painted. A newer method rapidly increasing in use employs
hydrostatic pressure to convey the paint. It is claimed that airless
paint spraying is more efficient because of very low paint loss due to
drift or overspray. Almost all of the paint is applied to the
intended surface. Estimates of 1losses due +to drips, spills, and
overspray range from 1 to 2% for airless paint spraying. Observations
‘during shipyard visits of spills while mixing, noticeable overspray
from airguns, and concentrations of droplets on the surface of water
running through drainage gutters generates more confidence in the
higher than in the 1lower figure. Occasionally, flowing water is
purposefully used to carry spilled paint into drainage gutters.

Anticorrosive and antifouling paints are typically used on ships in

drydocks. To these paints may be added differing pigment materials
such as lampblack, red iron oxide, or titanium dioxide to achieve a
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Table I11-3.

CONS

CONSTITUENTS € B

TITUENTS OF ABRASIVE BLAST MATERIAL.
AT KAVAL SHIPYARDS

WEIGHT (SEE NOTE)
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NOTE: Totals may not equal 100 due to rounding off.

Since percentages vary

between lots, these values are approximations of the average.




Formula No.

117
Anti-corrosion

119
Anti-~corrosion

121
Anti~fouling

129
Anti-fouling

1830
1829
1827
150
151
152
153

154

155

Anti-corrosive

1020A
Anti-fouling

Table III-4.

Mil. Spec. No.

Mil.pP-15328

Mil.p-1592%8

Mil.P-15931

Mil:P-16189

Mil.P-24441

Composition

Polyvinyl-butyral resin
2inc chromate
Magnesium silicate
Lampblack

Butyl alcohol

Ethyl alcohols
Phosphoric acid

Water

Rod Lead
Vinyl resin

vinyl chloride

vinyl alcohol

vinyl acetate
Tricresyl Phosphate
Methyl Isobutyl Ketone
Toluene

Cuprous oxide

Rosin

Vvinyl resin

Tricresyl phosphate
Methyl Isobutyl Ketone
Xylene

Anti-settling agent

Cuprous oxide
Lampblack

Rosin

Vinyl resin

Tricresyl phosphate
Methyl Isobutyl Ketone
Xylene

Antisettling agency

Thixatrope

Polyanide

Polyamide adduct

Magnesium silicate -

Titanium dioxide

Butyl alcohol

Copper phthalocyanine
blue

Yellow iron oxide

Red iron oxide

Epoxy resin

Naptha

Diatomaceous silica

Lampblack

Vvinyl resin

-bis (Tributyltin) oxide

Tributyltin. £luoride
Carbon black
Titanium dioxide
Ethylene glycol mono-
ethyl ether acetate
Normal prepanol
Normal butyl acetate
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COM?OSITIONS OF FORMULA PAINTS

1b/100 gal

- 56
54
8

0.6 -

125
482
28
25

220
145

15
295
295

1440
215
55
50
165

5 to

9

20

320
600
600

304

500
300
586
258
150

. 18

19.4
7.2

102
400

'23.88

©19.83

gal/l00 gal

6.10
1.59
0.35
0.04
18.40
70.70
2.0
3.0

2.9
l2.8

1.5
43.8
40.0

27.40
23.07
4.69
4.92

15.42
0.62

21.62
4.50

3.84
3.583
28.92 |
17.42
0.64
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particular decorative or camouflage effect. Table III-4 presents the
chemical composition of the most commonly used external hull paints on
navy ships.

G The anticorrosive paints are either vinyl or vinyl and lead based, or
are of the newer epoxy type which is slowly supplanting the vinyl and
vinyl-lead paints. Substantial quantities of both types of paints are
being used in shipyards, with some epoxy paints of unknown exact
compositions being supplied by manufacturers - but having
characteristics essentially similar to the Navy standard formula.
Poth types of paints will be removed by akrasive cleaning methods.

Antifouling paints are designed to prevent growth and attachment of
marine organisms on hulls of ships by releasing minute quantities of
toxic substances in the immédiate wvicinity of the hull surface.
Copper-based paints using cuprous oxide have been the standard for
many years (Reference 5). The use of organotin paints is very recent,
but growing. Tributyl tir fluoride (TBTF) and tributyl tin oxide
" (TBTO) are the principal toxicants. Table 1I1I-5 identifies some
organotin antifouling paints commercially available. ‘ '
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Table IIXI-5

COMPOSITIONS OF

ORGANOTIN ANTIFOULING PAINTS

Ydentification

M.I. Formula 1020A
Devran MD-3198
Amercoat 1795
Tarset 305

Andrew Brown Colortox
(Brolite Z-Spar)

M.I. Formula 1010

M.I. Formula i028
Biomet

M.I. Formula 1011
Devoe XM-075
Rustlkan vy-5529
Glidden No-Cop AF

International Tri-lux 40

(wide spectrum AF, Mark I)

International Tri-lux 68

Contents
Vinyl/TBTO/TBTF
Vinyl/TBTF
Vinyl/TBTO
Coal tar epoxy/TBTA
Vinyl/TBTF
Vinyl/TBTO/ 10, 101-oxybis~-
vhenoxarsine
Vinyl/rosin/TETF/Cu,0
Vinyl/TBTF |
Vinfl/TBT neodecanate/TBTF

Epoxy/Cu,0/TBTO

' Vinyl/TBTF

Vinyl/TBTO

Vinyl/TBTF

Vinyl/TBTF

(wide spectrum AF, Mark II)

Note: TBTO
TBTF

Reference 11

Tributyl Tin Oxide
Tributyl Tin Fluoride
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The industrial operations carried out in drydocks result in
considerable amounts of debris collecting on the dock floor. This
debris consists of: ‘

o Marine organisms removed from the hull by washing or
blasting ’
o Spent grit from abrasive blastlng (whether wet or dry)

o old palnt partlcles, flakes, and chips abraded from the hull

o Rust partlcles and flakes abraded from the hull

o Fresh paint dripped, spllled, or oversprayed onto the other

' debris during application to the hull, machinery, or
equipment.

These materials have constituents that are potential pollutants to
adjacent navigable waters. In addition to the pollution potential,
the dekris is a hindrance to further industrial operations in the
drydock, a wear bhazard to dewaterlng and dralnage pumps, a weight
addition to floating drydocks, and an inconvenience to people who
must work in the dock. 21l shipyards clean up and remove the debris
"but there is wide variation in the frequency, technique, and
thoroughness. :

In addition to ship repair and maintenance practices, other factors
can affect the kind and amount of wastes generated in drydock. During
the conduct of this study it was established. that wide differences
exist between practices at shipyards and between conditions existing
‘at each yard. These differences also influence the waste load
generated. Among tke factors noted as having impacts upon waste
generation are: ‘ r

‘o Location - fresh vs. saltwater

o Type of ships serviced

o Extent of utilization and time of stay in dock
o Type of facility,-configuration, and age

o Clean-up practices | =

Table III-6 summarizes, for facilities visited, factors relevant ¢to
the drydock location which bear upon the quantity and type of waste.
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Table III-6

LOCATION FACTORS

c ‘ Type of Predominant Predominant
Ship- Water at Vessel . Type of
yard Location Facility Climate Service Vessel
A East Coast Rrackish Moderate Ocean commercial
B East Coast Salt Moderate Ocean Commercial
& Naval
o] West Coast salt Moderate Ocean Commexcial
D West Coast Salt Very Dry Ocean .~ Naval
E West Coast Ssalt Very Dry Ocean Naval &
. commercial
) Great Lakes Fresh Moderate Inland Commercial
G Gulf Coast Fresh Wet Inland Commercial
& Ocean
32
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The facilities 1located in the Great Lakes and Gulf Coast areas were
both on river sites. The Great Lakes vyard, however, services only
inland watexrways vessels while the Gulf Coast yard services both ocean
and inland vessels. All other yards which were visited service
predominantly oceangoing vessels. Also shown in Table 1I1I-6 are the
ownership, commercial, or naval, of the ships predominantly serviced.
The two factors, ocean vs. inland, and naval vs. commercial, have a
major influence on the operations in the dock and the wastes produced.
Oceangoing vessels generally ' require antifouling paints while
freshwater vessels as a rule do not. Thus, antlfoulzng paints are
removed from oceangoing vessels when repainting is needed. Thls does
not occur in strictly freshwater operations.

The seven facilities visited included two on the West Coast, three on
the East Coast, one on the Gulf, and one on the Great Lakes. Of these
seven, two facilities had freshwater 1locations, four had ocean
locations, and one was located on an internal body of water. Two
facilities were mnaval and the balance were commercial. Finally, the
age and condition ranged from over fifty years and poor to one year
ani excellent.

Naval vessels enter drydock for extensive maintenance. During the
course of this maintenance, the antifouling and anticorrosive paints
are removed to bare metal. Extensive paint removal is not usually
practiced on commercial vessels. In general, freshwater commercial
"ships may receive no blasting prior to repainting, while naval vessels
are completely refurbished from bare metal. Thus, larger quantities
of spent paint and abrasive usually result from work on naval vessels
than from commercial ships.

A number of other factors act to create differences in drydocking and
service practices between naval and commercial vessels. Commercial
vessels  customarily are drydocked annually or biennially for
inspection. During ‘"these drydockings, hull repainting may be
undertaken; however, due to the short period between drydockings,
paint deterioration may not be severe and fouling may be minimal or
moderate. In addition, commercial vessels are usually on the move and
this reduces the amount of fouling which can occur. Naval vessels are
drydocked on a routine basis at intervals of up to five years or more.
Hull preparation and painting must be designed to provide protection
for that period, thus cleaning to bare metal and the use of higher
levels of toxicants in antifouling paints than for commercial vessels
is customary. Since naval vessels spend much time in port or at
anchor, the potential for €fouling is more severe than if they were
underwaye. -

Utilization of the drydocking facilities is another factor which

influences the total waste generated. Yards - contacted indicated
utilizations ranging from 30 percent to 100 percent. A drydock which
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is used infrequently or intermittently has less total discharge than
one operating on short turnaround service at a .high rate of
utilization. Facilities used for new construction usually are
occupied by the activity for periods in excess of a vyear. In this
case, not only is the nature of the operation less productive of waste
(no spent paint to blast off the hull) but flooding occurs only at
launch, once per ship. Table III-7 summarizes drydock utilization for
yards contacted and visited. - _
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Table III-7
UTILIZATION OF DRYDOCKING FACILITIES

Percent Utilization?

0-30 31-50 51-70 71-90 >90

Facilities Visited

Graving Docks o 2 ) 2 2 2
Floating Drydocks ' 0 0 3 5 2

Facilities Contacted

Graving Docks ' 2 7 2 5

4
Floating Drydocks 6. 13 6 20 1
Building Basins? , ‘ 2
Totals
Graving Docks 4 7 4 7 6
Floating Drydocks _6 13 _9 25 3
TOTAL 10 20 13 32 9

tInformation not available: Graving Docks, 8;
' Floating Drydocks, 20.
2Not included in totals.

35

NWMAR116995



Geographic factors can have a major influence on wastewater from
drydocking facilities, especially from graving docks. Facilities
located in regions of 1low rainfall do not have the problem of
rainwater wetting the dock floor. This is true for both floating and
graving docks. Thus, in those regions spent paint and abrasive can
usually be removed dry. Graving docks are frequently. subject to
groundwater flows into the dock basin. This problem can be critical
in some docks, while for others, it does not exist. Unless provisions
are made to confine and remove rainfall and groundwater (hydrostatic
relief water), waste may be carried from the dock with the dewatering
flows.

The age and type of construction of the drydock can have an effect on
the control of waste. Older docks, both floating and graving, tend to
be constructed with raised slides for bilge blocks. These produce a
series of wide channels, usually six to ten feet wide, extending from
the dock center line to the side. Debris from work in the dock
collects in these channels and cannot easily be removed. Newer
construction has favored flat dock surfaces, with keel and bilge
blocks being moved by cranes. Debris can be more easily removed from
docks of this construction. PFacility size varies considerably. For
graving docks this influences the volume of harbor water introduced
during flooding and subsequently removed during dewatering. Floating
drydocks, during sinking and refloating, are exposed to the normal
flow of the body of water in which they are 1located, and actual
contact of water with the floating dock may be many times the volume
of water needed to flood a similarly sized graving dock. Table III-8
lists dock sizes and approximate volume (without vessel occupancy) for
graving facilities contacted during this study. -
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Table III-8

GRAVING DOCK LENGTHS AND WATER VOLUMES

Length of Dock, Meters, (Feet) , Approximate Dock
Volume, No Vessel,
<122 122-183 183-244 244-305 >305 Million Cubic Liters,
(<400) (400-600) (600-800) (800-1000) (>1000) (Million Gallons)
X ‘ . : 3.8 {1 0)
X : 13.2 (3.5)
X 13.2 (3.5)
X 20.4 = (5.%)
X 21.2 {54 6)
X 21.6 : (5.7)
X 23.8 (6. 3)
X 26.9 (7. 1)
X 27.3 (7. 2)
X 28.0 (7.4) -
X 28.4 (7. 5)
X : 32.9 (8.7)
’ X 34.1. (9.0)
X o - 39.0 (10.3)
X 42.2 (11.2)
X 57.2 (15. 1)
X 57.2 (15. 1)
X 58.3 (15.4)
X 59.8 (15.8)
X : 70.8 (18.7)
X 73.4 (19.4).
X 73.8 (19.5)
X 79.9 (21.1)
X 92.2 (24.1)
X o 111.3 (29.4)
X 143.8 (38.0)
X 173.4 (45.8)
X 177.1 (46.8)
X 190.4 (50.3)
X 213.1 (56.3)
X 2u4.1 (64.5)
X 244.9 - (64.7)
Totals:
1 9 11 3 8
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SECTION IV

INDUSTRY CATEGORIZATION

INTRCDUCTION

In the development of effluent limitations guidelines and recommended
standards of performance for new sources in shipbuilding and repair
drydocking operations, consideration should be given to whether the
industry can be treated as a whole in the establishment of uniform and
equitable guidelines or whether there are sufficient differences
within the industry to justify its division into subcategories. For
the shipbuilding and repair industry, the following factors were
considered as possible justification for industry subcategorization:
dockside and shipboard activities, facility age, salt vs. freshwater
facilities, climate, and types of dock. After review, only salt vs.
freshwater, and type of dock (graving docks and float:mg drydock) were
found to have distinguishable characterlstlcs.

INDUSTRY SUBCATFGORIZATION

Althouch there exist distinguishing characteristics, this dJdocument
will apply to all types of docks with consideration given to site
specific differences. Quantitative effluent guidelines, however,
cannot be established at this time for drydocks because the nature of
the discharge is not conducive to numerical monitoring.

There are such a wide range of dockside activities, nearly all of
which are carried on to some degree in all shipyards, that dockside
activities are not an acceptable criterion for subcategorization.

FACTCRS CONSIDERED

Salt vs. Freshwater

Freshwater yards perform very little abrasive blasting compared with
shipyards servicing saltwater -vessels. Also, antifouling paints are
‘rot applied to freshwater ships. Since blasting is less common and
usually on a much smaller scale, and the spent paint composition is -
different, shipyards servicing only freshwater vessels and those
performing neither wet blasting to remove paint nor dry abrasive
blasting should receive consideration with respect to their
difference.  Best Management Practices (See Section II) numbered 2, 5,

7 and 10 do not apply for facilities where wet blastlng to remove
paint or abrasive blasting does not occur.
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Others

All other factors were rejected as bases for subcategorization. Since
the major source of potential water pollution appears to result from
blasting, the type o0of shipyard activities also was eliminated as a
possible subcategory. BAge of the facility does not directly affect
the degree or composition of discharge. Because rainfall is
unpredictaple and occurs to some extent at all yards, climate also was
rejected as a basis for subcategorization.

The type of dock, graving dock or floating drydock, also was
considered and rejected as a subcategory. The same kinds of
activities are undertaken in both types of docks and thus the same
kinds of debris and discharges are produced. The only difference is
that during flooding and deflooding, the water passes over the ends of
and through scuppers along the sides of floatzng drydocks while it
flows through one (or more) collector channels in graving docks and is
disclarged using pumps.
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SECTION V

WATEFP USE AND WASTE CﬁARACTERIZATION

INTRODUCTION

This section describes the sources and uses of water by ships and
industrial operations in drydocks. Potable water for use within
drydocks is drawn from the same source that supports the rest of the
shipyard, almost- invariably the contiguous municipal system. Non=-
potable water is most freauently drawn directly from the adjacent
naV1gab1e waterway. -

Water requirements in a drydocklng facility can be broadly classxfled
as those necessary for the ship and those associated with the drydock.
The former include potable water, cooling water, water for fire
control, and other shipboard uses of water. All but potable water are
usually supplied from harbor water. Drydock water uses are harbor
water for flooding, hosedown of ship and dock surfaces, occasional wet
blasting water, and dust scrubber water. Potable water is used in
drydocks for tank cleaning operations.

Wastewaters similarly oriainate from both ship and drydock sources.
Ship wastewater includes cooling water discharge, tank cleaning
wastes, and occasionally boiler water discards. Drydock wastewater
includes deflooding water, hydrostatic pressure relief water and gate
leakage, rainwater, water used in hosedown, tank cleaning water, water
from wet blasting if practiced, and any water entering the drydock
from the ship or other sources.

Figure V-1 1is a schematic of water and wastewater flows between a
drvdock, the drydocked ship, the drydock floor or deck, and the
harbor. The figure represents a graving dock; however, if the flows
indicated by asterisks are deleted, it also represents a floating
drydock. : : '

Not all flows are present in all drydocks. For example, potable water
is supplied to vessels . only if crews are on board. Hydrostatic
pressure relief water 1is encountered in vast quantities in some
araving docks, others are completely free of this stream.

In addition to water and wastewater flows, Figuré V-1 shows materials
entering the drydock as a result of the repair .activities and the
disposition of waste materials resulting from repair activities.

Table V-1 summarizes the observations made during the shipyard visits.
The numbered streams in Figure V-1 are identified as to their presence
or aksence at each of yards 2 through F in Table V-l. :
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!
Table V-1. WATER AND WASTEWATEK PRACTICES, SHIPYARDS
A THPOUGH G

wWater and Wastewater Flow Stteams(l)
In Shipyard Visited

Stream l SHIPYARD
Number A B C D ‘ E F G

Water Into Dock

1 P P o P ) 4 A A

2 P P P P P A A

3 P P P P P - P ) 4

4 )4 P I 1 I P R 4

5 P P NA P P A NA

‘6 A I A Y SR § I A

7 P . P NA P A I NA

8 P P P P P P P
Materials Into Dock

9 1 I I 1 I 1 1

.10 P P P p P P P

1 P P P P P I P

Wwaste Materials to Disposal

12 I I P P I I I

13 : I I I I I I I

14 P P P P ) 24 I P
Wastéwater to Harbor

15 P P P P P A A

16 P - P NA P I I NA

17 P P I I I I P

18 P P NA P P A NA

19 P P P P P P P

20 A I- A I I I A

P - Present, A-Absent, I-Intermittent, NA-Not Applicable to
Floating Drydock .
(1) Refer to Figure V-1 for Stream Designation
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SPECIFIC WATER USES

Water For On Board Ship Use

Once they have been placed in service, ships are egquivalent to small
towns with respect to their demand for water ,and the generation of
wastewater discharges. The following subsections describe the source,
use, and discharge of water for each of the several systems aboard
ship. ‘

Potable Water. Potable water is drawn from supporting facilities when
in drydock. In addition to direct consumption by the resident
population, it is used for food preparation and personal hygiene. The
wastes from these uses become sanitary discharges which are covered by
other regulations and will not be further considered in this document,
except that they should be segregated from process wastewaters.

Fire Protection Water. While underway, fire protection water is drawn
into the vessel from water being sailed upon. It is pressurized for
use in the fire protection system. When in drydock, the supporting
facility provides non-potable pressurized water for this purpose.
These facilities are sometimes used to hose down the dock after
dewatering or to help accumulate residual spent abrasive into piles.

Boiler Feed Water. Boiler feed water is either distilled from
seawater or drawn from supporting facilities such as drydockse. This
type of water B is often required to be purer than potable water. 1In
use, it is converted to steam in the boiler. The steam is then used
to drive propulsion, electric generation, and other machinery as well
as for heating purposes. Finally, the spent steam is condensed into
water and fed back into the boiler to begin the cycle again. Since
this is a closed cycle system there are not normally any discharges
other than unintended leaks. A ship entering a drydock for
maintenance and repair may occasionally have work done on the boiler
while in drydock, and it may be necessary to drain the water from the
boiler. i

Cooling Water. Most of the water supplied to a ship in drydock for
cooling is non-potakle water. Freshwater cooled equipment normally
uses a recirculating chilled water system in which 1little water is
wasted. Cooling water is used as a flow through heat sink for air
‘- conditioners and various pieces of machinery and electronic equipment.
Waste cooling water is discharged from the ship . into the drydock in
essentially the same condition as supplied except for temperature
elevation (References 5 & 11).
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‘Water For Industrial Use

Very little industrial wastewater is generated by the processes
carried out in drydocks. Fowever, large amounts of water may pass
through the dock basin. Almost none of the drydocks in current use
tave design provisions for the segregation of contaminated and non=-
contaminated flows nor do they ensure isolation of non-contaminated
flows with regard to possible contamination from contact with
industrial process debris. This section will list and describe the
source of all waters, except shirboard wastes, which can be
potentially contaminated by flow through the drydock basin.

Launch Water, Graving Docks. As described earlier a graving dock
basin is ordinarily flooded and dewatered twice. for each ship docked.
Water is admitted from the adjacent navigable waterway through the
flooding culverts or through the caisson gate. The gate is removed,
the ship is brought into or removed from the dock, the gate is
replaced, and the water 1is returned to its source by pumping. The
cquality of the water on return, relative to the source, is dependent
upon -the condition of the admitted water and upon any material which
may be added to or removed from it while in the drydock.

Launch Water, Floating Drydocks. There are two water flows involved
in the sinking and raising of a floating drydock. Sinking and raising
ordinarily happens twice for each ship docked. :

The first water flow is that water admitted to the ballast
compartments from the adjacent navigable water body to sink the dock.
After . the ship is brought into or removed from the dock, water is
pumped from the ballast compartments back to the source body, without
further contamination, to raise the dock. The return flow may be of
better quality than tre source since the ballast compartment may serve
as a settling tank. '

The second water flow is source body water flowing through the open
ends of the U-shaped trough of the dock and over the pontoon deck as
the dock is sunk. As the dock is raised, water flows out through the -
ends and other openings of the drydock and returns to the source body. .
The quality of the return flow, relative to the source, is dependent
upon the amount and type of. debris that is present on the side wall
and pontoon deck surfaces prior to sinking as well as upon the time of
exposure and rate of runoff during dewatering. '

Wash Downe. When a graving dock is flooded, it simulates a large
settling tank. Silt and mud which enter the dock with the flooding
water deposit on the floor following dewatering. Marine organisms may
be trapped inside the dock basin when the caisson is replaced for
dewatering. If the dock is not cleaned after dewatering, the dead
" marine organisms begin to decay and the silt and mud becomes very
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difficult to remove (Reference 11). In those facilities where these
problems occur, +the drydock floor and other surfaces are hosed with
water from the pressurized non-potable system. Existing practices
generally may include hosing (1) after initial dewatering and (2)
prior to final flooding. These practices were observed in two of the
seven shipyards visited. . There are other times of intermittent
hosing. For instance, water from drydock and ship hosing generates
liquid industrial waste and, in addition, may convey solid wastes to
the drainage tunnel for direct discharge to the receiving waterbody.

Wwashdown also occurs occasionally after clean up. Solid wastes
remaining after mechanical and manual clean up efforts may be flushed
by hosing into the drainage tunnel or mixed with flooding waters on
the dock floor during the undocking cycle (Reference 6).
v.oumizs

Washdown in a floating drydock is 1dent1ca1 to that in a graving dock
except that the wastes are discharged over the side of the dock
instead of into the drainage tunnels. )

Integrity Testinge. Whenever any repair work is perfoimed on the
structure, fittings of a pressure vessel such as boilers, or whenever
repair work involves penetration of ship's hull for weld repair of
cracks or similar procedures, the final step in the process must be a
test to demonstrate the strength or watertight integrity of the
completed repair. C :

Although it is not necessary that a ship be in drydock to perform
repairs to pressure vessel eguiopment, this kind of work is freguently
verformed while a ship is drydocked. The wusual procedure for
hydrostatic testing of pressure vessel equipment starts with a water
rinse of the inside walls. The quality of water used depends on the
type of equipment. Obviously, non-potable water is not permitted to
enter a potable water system. Next, the equipment is filled with
water of appropriate quality. Air is applied at test pressure and the
eqguirment examined for 1leaks. The rinse and test water might be
discharged to the drydock but is more likely to be dumped to a holding
tank on the ship for later use. e
e :

When repairs involving penetration of the hull of ship are performed,
the watertight integrity of the completed repair is usually tested in
two ways. The first and preliminary method is to apply a stream from
a high pressure fire hose on the repaired area while examining the
other side for leaks. The final method of testing is performed as a
part of +the undocking cycle. When the water level reaches a point
just prior to floating the ship off of the blocks flooding or sinking
is stopped while a thorough inspection for leaks is made inside the
ship with particular attention to repaired areas.

wt A Y ~
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PROCESS WASTE CHARACTERIZATION

ship Originéting Wastes

When a ship is drydocked, the'quantlty of wastewater generated depends
upon the expected length of stay in dock and upon specific operations
being performed on the ship Aduring the docklng cycle. Generally,
ships drydocked for short periods and minor repairs operate as if they
are kerthed at a pier. R They require potable and non-potable water and
generate wastewater. On other occasions when ships are drydocked for
extensive overhaul, they may use little or no water. At the beginning
of the docking period, the consumption of water for such purposes as
cooling is at its peak. As systems that use water are shut down,
water use decreases. A ship undergoing maintenance on its non-potable
water System or with its crew disembarked may use no water.

After the dock is dewatered, threaded studs are spot-welded onto the
ship's hull, and metal scupper boxes are bolted on at each water
discharge location. Soil chutes then are hoseclamped onto the scupper
bokxes and suspended from the hull. Soil chutes are flexible hoses
usually made of rubber-coated nylon or canvas. The lower end of each
soil chute is fastened to the appropriate disposal system; for
example, cooling water to dock overboard discharge . systems. Enough
slack is left in the chute so it can be pushed aside if it interferes
with rolling equipment. 1If soil chutes are properly maintained, this
system 1is an effective means of segregating and carrying away ship's
wastewater. It would be desirable for the industry to adopt a uniform
"standard for hose connections so as to eliminate connection leakage.

Cooling Water. As mentioned in the paragraph on Cooling Water, except
for a slight temperature increase, non-contact cooling water is
discharged from the sbip into the drydock in essentially the same
condition as supplied from the drydock non-potable water maine.
Reference 5 reports the following measurements taken at one West Coast
facility: nonpotable water supplied at 559F; non-contact cooling water
discharged at 589F; dralnage sump temperature measured at 60°F; and
groundwater infiltration, in comparable volume to the cooling water
dlscharge, at 70°F.

Boiler Water. When ship's boilers are to be out of service for short
periods, the preferred practice is to keep them completely full of
very pure water. Under these conditions, there is no discharge. 1In
some cases, during maintenance or repair work performed on the boiler
while a ship is in drydock, it may be necessary to pump the water out
of the boiler. This one-time discharge will be slightly alkaline and
contain a mixed sludge made up of phosphate and carbonate. The volume
of +this one-time discharge is approximately twice the steaming
capacity of the boiler. : '
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Bilge Discharges. Pumping oily wastewater overboard from bilges is
prohibited by Coast Guard Regulations. If an accidental discharge
should occur, it is treated as an o0il spill within the drydock and

" clean up 1is performed before discharge to ambient waters. If an oil
spill occurs during flooding or dewatering operations, the operation
is storped until the o0il spill is cleaned up. -

Other. Although there are other discharges from the ship, such as
wastes from the cleaning of tanks and voids, they are generated by
drydock industrial activity rather +than ship operations and are
therefore discussed in Hull Cleaning Waste below.

Dock Originating Wastes

Hull Cleaning Waste. Several methods are used to remove paint, rust,
and marine growth, such as barnacles and algae, from the metal
surfaces of ship hulls.. In all types of surface preparation, the old
vaint, rust, and. marine organisms are found mixed in the spent
blasting media. The surface preparation methods are dry abrasive
blasting, hydroklasting, wet blasting, water c¢one blasting, and
chemical paint stripping. Surface preparation methods, other than dry
blasting, are not common in the industry. Hydroblasting is being
tried at three of the shipyards contacted. Wet blasting and water
cone blasting is confined principally to Navy ships having special
coatings. Chemical paint stripping is rare and is used only on small,
localized areas made of more delicate materials. Each method is
explained in greater detail below. : ‘

Dry abrasive blasting (sandblasting, grit blasting), is the most
common method of surface preparation. This method is used in varying
detrees by 95 percent of shipyards contacted. When employed, spent
abrasive is the principal source of solids in the drydock discharge.
Particle sizes of the used grit range from fine dust to whole bits of
abrasive, approximately one-eighth inch in diameter. Some of the
spent grit falls directly into drainage gutters, especially if a ship
is large and the hull sits over the drains. The potential also exists
for +the abrasive to be washed into the drains from storm runoff,
shipkoard wastewaters dumped on the dock, hosing, seepage, or other
sources of water. The spent grit is, for the most part, settleable.

Sometimes, sand is used as the abrasive, instead of utility slag or
copper slag. Delicate equipment, such as’' = sonar domes, are
occasionally sand blasted. Rare aluminum~-clad hulls are often blasted
with sand instead of grit to minimize metal erosion Quring blasting.
One problem with using sand instead of slag 1is the airborne
particulates whick are hich in silica. The major water pollution:
problem from sand usage is the possible discharge of solids in the
waste stream. '
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The major pollution problem from hydroblasting (Reference 1) is that
the volumes of water used increase the potential that the paint and
grit will be flushed into the drainage discharge. Any spilled oil or
solvents used elsewhere might be washed into drainage gutters. Since
oxidation of the surface of the hull of the ship will prevent a good

@ bond between the fresh paint and metal, rust inhibitors, which contain
compounds such as sodium nitrite and diammonium phosphate, are used.
(In fact, dry grit blasting is not performed during rainfall so that
metal will not rust during or after blasting)e. Antifreeze may be
added to the spray. This will be discharged into the wastewater
streams along with the blasting water. Hydroblasting is not preferred
by ship repair facilities, because the resulting surface obtained is
not as suitable for paint adhe51on as the surface obtained by dry grit
blasting.

" Wet blasting uses a mixture- of grit and water. The water acts as the
propulsion medium. The solids discharge potential, which is
characteristic of dry . arit blasting, exists as .well as - the
aforementioned problems of hydroblasting. :

Paint may be chemically stripped, rather than blasted, from more
delicate apparatus such as sonar domes, antennas and deck machinerye.
Small articles may be dipped in some yards. Chemical paint stripping
was not reported as Leing used in drydocks by any of the shipyards
contacted or visited. )

Spent Paint, Rust, and Marine Organisms. Spent paint containing the
priority pollutants copper, zinc, chromium, and lead, along with iron
oxides and marine organisms are removed from the ships during
blasting. The paint contributes to the so0lid load in the waste stream
as well as being subject to contact with stormwater, flooding waters,
hose water, and water spills. Additionally, it can be washed, pushed,
or blown into uncovered drains.

Antifouling paints are of particular concern. Toxic constituents,
such as copper or organotin compounds are used in these paint
formulations. Rust and marine growth removed from the sides of the
ship may increase quantities of solids in the waste stream.

" Fresh Paints and Solvents. Fresh paints contain a variety of metals,
such as copper, zinc, chromium and lead, as well as hydrocarbons which
are not present in the used paint removed from the ship's hull.
Solvents generally are hydrocarbon based. Paints and solvents may be
washed into drains; occasionally they are mixed directly over drains
with spillage falling into the drains. Overspray from the painting
operation is estimated to be between one and two percent. Paint was
observed floating in. discharge streams at one facility visited.
Organotin paint applications were not observed in any of the shipyard
visits. e

NWMAR117009



”~

Generally two <types of paints are used on ship's hulls: antifouling
and anticorrosive. Antifouling paints are toxic to prevent the growth
of marine organisms. Cuprous oxide based paints have been used for
this purpose for many years. Increased attention has been recently
given to the use of organotln antifouling paints. Although the

¢ effects o0f organotin are not well documented, these compounds are
reported to be more effective antifoulants than copper based paints,
and require a lower percentage of toxic consituents.

There is a trend toward epoxy-based anticorrosive paints replacing
.vinyl and vinyl-lead based coatings. Pigment materials 'such as
lampklack, red-iron-oxide, and titanium dioxide are added to these
paints. Anticorrosive additives are included in epoxy-based or vinyl
base paints, usually in the form of zinc dust.

Grease and Dils. The major source of grease and 0115 is fuel oils and
lubricants spilled on drydock floors. Spills most frequently occur
-when fuel and oils are transferred. Leaky hoses and connections,
overflow of containers, and general carelessness contribute .to
spillage. When stripping fuel tanks, compartments, and when machinery
is repaired, or a tank ruptures, oil and grease pollution potential
increases. Spills can occur during refilling of fuel tanks at the
conclusion of the drydock operations. It is reported that spills over
100 gallons are rare.

Stormwater Runoff. Stormwater is a totally uncontrollable source of
wastewater in drydocks. No method of confining rainfall within the
dock exists. Channels have been used to direct the water from the
dock floor. The major contribution of stormwater to wastewater loads
is to increase the guantity of discharge. When heavy and sustained
rainfalls occur, stormwater may transport solids to the drains. Some
drydocks located in dry climates have essent:.ally no problems due to
rainwater.

Dock and Gate Seepage. Another source of wastewater is leakage around
the caisson gate of graving docks. This flow of harbor water into the
dock can be caused by deterioration of the gate seals or by large
rieces of refuse being trapped between the gate and the dock when the
caisson is replaced before dewatering. This water flows across the
floor and into the drainage system. Some graving docks are designed
to allow' relief of hydrostatic groundwater pressures through the
sidewalls and floor. Relief waters also flow across the floor and
into the drain system. '

R T
T3 | DeR3. n

In some dock designs this water is 1solated from the dock floor via
dams and drains and is channeled directly into the drainage trenches.
Flows approaching 100 gal/minute are not uncommon. Floor orlglnatlng
relief waters commonly flow across the dock basin and into the
drainage system. -
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- Cleaning Waste. Detergents are used to clean water tanks, bilges, and
fuel tanks. The detergents are combined with diesel o0il in a one to
ten ratio. After cleaning, tanks are rinsed with hot water. This
process is a source of o0il and ‘grease as well as nitrogen and
phosphorus compounds. .

On rare occasions, delicate equipment, such as antennas and sonar
domes, may be cleaned with detergents prlor to paxntzng.

Trask. Cans, paper, - bottles, rags, welding rods, scrap metal, and
rieces of wood are examples of trash found on a drydock floor prior to
flooding. During dewatering, some of these wastes may be flushed out
of the docks if they have not been removed.

' QUANTITATIVE DATA

During the past several years, monitoring programs have been conducted
at several shipyards. Some of the studies were performed by the
shipyards while others were conducted by the government. Effluents
from two shipyards were sampled for this document and the results of
all of these studies are. compared in this section. Additionally,
leaching ' studies are analyzed as well as the results of a sieve
analysis of abrasive collected at one shipyard. Also included in this
section is a discussion of the difficulties and llmltatlons of
effectively monitoring shipyard effluents.

Sampling Results

Tables V-2 through V=10 indicate ranges and medians of results
obtained during various sampling programs at shipyards A, B and D.
Tables V-7 and V=10 combine the results of all data from Shipyards A
and D respectively according to different aspects of the effluent
discharge. ‘

Table V-2, for Shipvard A is derived from NPDES monitoring conducted
by shipyard personnel. A monthly grab sample of the harbor water was
obtained at the time of flooding. While'a ship was docked, multi-day
composites were collected at drainage pump discharges.

Several sets of data exist-for Shipyard B. Both shipyard and EPA test
results of the same sampling program are summarized (Tables v-3 and V-
4) . This monitoring occurred during research for the Denver Rationale
(Reference 2). Major differences in results are probably due to
variations in 1laboratory techniques. For example, chromium levels
found in the EPA results of the split sample are much higher <than
shipyard findings. This is due to the use by EPA of a glass fiber
filter and a Whatman #1 paper filter during sample preparation.
Additionally, 1limits on the accuracy of the testing methods may
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explain discrepancies such as higher wvalues for dissolved solids ‘than
the corresponding total solids. .

Heavy blasting and extensive painting of the docked vessel occurred

¢ during the sampling period. Because the purpose of these tests was to
prepare the Denver study (Reference 5), and was prior to the 1ssuance
of NPDES permits, extensive clean up was not dlctated.

Grab samples were collected and comp051ted during initial and final
flooding and dewatering, a total of four composited samples. Also,
two sequentlal samplers programmed to draw one sample per hour were
used to gain composited dally drainage samples. - . : -

NPDES permit monitoring data on dock drainage was available for a
thirteen-month period beginning February 1975. The shipyard initiated
clean-up practices only during the final month, February 1976. The
drainage pump discharge was sampled once per month by yard personnel.
Two or three grab samples were taken durlng a pump cycle and
composited (see Table V-5). .

Hittman Associates, under contract to EPA, conducted a sampling study
in April 1976. Grab samples of the harbor water were collected prior
to initial flooding and of initial and final flooded docks. Also, a
grab sample was obtained at every two-foot drop in the water level
during the initial and final dewaterings. These samples were then
composited. Additionally, combined samples were collected and
documented during drainage pump cycles throughout the monitoring
preriod. Table V-6 presents the results of these tests.

During sampling at shipyard B, a "very light sand sweep® (32 to 35
tons of grit) of the docked ship, an ore carrier, took place, followed
by anticorrosive touch-up painting, and application of antifouling
paint. The hull was blasted to the light load line only. Hoses were
used to transport most of the shipboard waters to drain channelse. At
times, cooling water fell directly on the dock floor. Clean up, using
manual shovels and front end loaders, took place just prior to
floodlng and undocking of the ship. w“hi;jmf;‘ ST |
Comparlson of the variocus test results presents few contradictions.

In nearly all cases, the minimum and median values were consistent.

On rare occasions, high values did differ considerably. Table V-7

compositess the data on Shipyard B. Regardless of the extent of
painting, effluent levels remain constant. There is no apparent

significant change in Shipyard B's NPDES monitoring data during,

before, and after clean-up procedures were inijitiated. It is,

therefore, concluded that the nature of the discharge is not conducive

to numerical monitoring.

C s
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Data for Shipyard D include both NPDES monitoring for 1975 (Table V-8)
and sampling from May 1976 conducted for EPA (Table V-9). sShipyard
personnel sampled during the second or third week of each month. The
date was chosen and sampling occurred regardless of shipyard activity
" or weather conditions. Two samples were collected from each drain
discharge, separately composited, and reported to fulfill NPDES permit
requirements. - \

The May 1976 sampling thoroughly covered <the docking procedure,
including drainage discharges, regularly for ten days until the dock
had been cleaned. Manual shoveling and sweeping, use of front
loaders, and occasional hosing were performed to clean up 150 tons of .
spent abrasive used during the blasting to bare metal of the complete
hull of a mediumsized Navy ship. Use of a closed cycle side Dblaster
on about 25 percent of the-ship's hull limited the abrasive tonnage.
Anticorrosive paint was then applied immediately to the ship's hull."
Antifouling paints were not applied during this sampling period.

The éampling prograﬁ included samples of the harbor water prior to

flooding as well as two additional harbor samples during the
monitoring period.
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Table V-2.

Parameter

pPE

Suspended Solids
Settleable Solids
0il and Grease
PbT

PbD

CcrT

CrD

cuT

CuD

SnT

snD

cat

cdp

ZnT

ZnD

AsT

AsD

HgT

HgD

SUMMARY OF NPDES MONITORING AT SHIPYARD A

Harbor Water

EFange
-High Low
6.9 6.7
9.0 6.0
<0.1 <0. 1
8.2 . 1.2
<0.05 <0.04
<0.05 <0.04
0.02 <0.03
0.03 <0.02
0.47 0.2
0.04 0.03
<0.7 <0.4
<0.7 <0.4
<0.01 <0.01
<0.01 <0.01
0.149 0.054
- 0.066 0.027
0.02 <0.01
0.02 <0.01
0.0035 0.0025
0.0007 0.0004

All values except pH are in mg/l.
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AUGUST 1975 THROUGH SEPTEMBER 1975

Drainage Water

Range
High Low
7!! o 6. 8
10.0 10.0
0.1 <0.1
43,82 1.71
<0.05 <0.04
<0.05 <0.04
<0.03 0.02
<0.03 0.01
0. 54 0.36
" 0.04 0.04
<0.7 <0.4
<0.7 <0.4
<0.01 <0.01
<0.01 <0.01
0.125 0.049%9
0.04 . 0.038
0.04 <0.01
0.04 <0.01
0.018 0.0002
0.0005 0.0004
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Table V-3. SUMMARY CF SHIPYARD TEST RESULTS
OF EPA/SHIPYARC MONITORING AT GD #B-3 AT SHIPYARD B

Initial Initial
Fill - Dewatering

pParameter Value . Value
pH 7.1 71
suspended Solids . 30.9 35.0
Settleable Solids -No Results No Results
PET <0.05 <0.05
PED <0.05 " <%.05
CcrT 0.61 - 0.61
crD _ 0.u5 0.45
cul <0.1 <0.1
CuD <Jd.1 <C.?
snT 0.1 0.11.
snD <0.1 <o
car ‘ <0.05 <0.0%
cdp <0.05 <0.05
znT <01 <Co
ZnD <0.1 <0.1 .
AsT <0.02 <0.02
AsD <0.02 <7.02
HQT ' <0.0025 <¢.0025
HaD <0.C025 <0.C025
Fel 1.42 1. 42
reD €041 <0.1

Flow (m’/day)
Flow (galsday)

MAY 1974

Drainage Discharqge

Ranqe
High Low
7.7 7.2
19,312.0 14.9
200.0 <0, 1
13.0 <0,05
<0.05 <0.05
0.50 <0.25
0,79 <0.25
60.0 <0.%.
€0.25 <J.1
¢.204 <0.1
<0.1 <0. 1

<0,05 <0.05 -
<0.,905 <0.05
4.7 0.17
N.15 <0.?
0.19 <0.02
€.15 <0.02
0.056 <0.0025
€3.0025¢<0.0025
1,250.0 1.8
0.16 <0.1
(579.2) (344.5)
153,000 91,000

volume of flooded drydock = 1.1 x 105 m?¥ (28.6 x 106 qallons).
All values except pH are in mqs1l.

Median

7.5
0.49
0.2
0.21
<0.05
0.38
0.56
0.34
<0a1
<0.1
<0.1
€0.05
<€0.0S
- 0.42
0.11
<0.02
€0.02
0.0035
<0.0925
5.5
<0.1
(3u4.5)
97,000

Final
Fill

Value

7.9
85.0
<0.1.

0.075
€0.05 -
€0.025
€9.025
<0.25
<0.25
<0.1
<°- 1
<°-°S
<0.05

0.23
<0, 1

0.15

.09

0.0088
<0.0025

4.2
<0.1

7 Final
Dewatering

Value

7.7
44.0
<0.,
<0.05
<".05
€3.025
<0.925
<0.25
<0.25
<0.1
€0.05
<0.05
<°.‘
<o.1

0,12

0.062
€0.0025

‘€0.2025

1'5

<0.1
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Table V-4, SUMMARY OF EPA TESTING OF
EPA/SHIPYARLC MCNITCRING OF GD #B-3 AT SHIPYARD B

MAY 1974
Initial Initial
. Fill Dewatering Drainage Discharqe
U ' Range ..
Parameter Value Value High Low Median
suspended Solids 2.0 2,0 20.0 2,0 6.0
PbT <0.01 <0.01 13.0 <0.01 0.11
PED <0.01% <0.01 1.2 <0.1 <0.1
crT 0.02 0.02 1.9 0.02 0.02
crD 0.03 . 0.02 0.12 0.01 0.02
CuT 0.06 0.07 28.0 0.1 0.25 -
Cud 0.03 0.C8 4.5 - .06 0.15":
snT . 5.0 5.0 4.9 <0.2 2.0 ¥
snD 5.2 4.C 3.0 <0.2 2.0 °
car 0.95 9.05 0.29 0.01 © 0.03
cap 0.07 0.05 . 9.05 0.02" 0.03
zn_'_l'_ 11.0 0011 39.0 A 0.20 0027
ZnD 12.0 0. 14 4.1 - Da16 0.26
HqQT <2.0001 - €0 2001 0.2003 <0.0001 0.0021
HEqD <0.,0001 <0.0001 0.0001 <0.,0001 <n.0001
Flow (m3/day) 54.5 T 3401 49,0
(galszday) ’ 144,000 90,000 95,000

All values except pH and flcw are in mrg/l.

-

Final Final

Fill Dewvatering

Value Value
6.0 3.0
0.2 <0.01

<0.01 0.01

- DaOU .04
0.03 3.04.
0.13 0.96
0.08 0. 11
0.05 .37
0.0“ N 0. 05
0.5 0.32
0. 12 2.14

<0.0001 .€2.0001

<0,0001 <0.0001
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Table V-5, SUMMARY OF NPDES MONITORING OF
DRAINAGE CISCHARGE OF SHIPYARC B
~ FRBRUARY 1975 THROUGH FFBRUARY 1976

Number of Samples 13 ‘ 13

All values except pH and flow are in mrgrsl.

‘GD_#B-3 and #B-6 _GD_#8~5 and_#B-7 _ - GD _#8-1 ani sR-U4
Range Range . Ranqe
Hiqh low Median High Low Median High Low #edian

pH 7.9 7.3 1.6 8.3 7.5 7.8 8.8 7.3 7.9
Suspended Solids 62.3 16.6 55 1 120.0 3.6 56.0 61.5 2.8 21.¢0
Settleable Solids 3.0 <0.1 0.1 0.2 <0.1 0.1 0.3 <C. <0,
0il and Grease ‘6.3 <.t 1.3 - 5.6 2.65 1.2 2.8 0.22 0.6
PbI ) 0.64 = <0.1 <0.1 C.27 <0.1 <0.1 . .19 <0.1 €<2.1
PbD 0. % <0.1 <Cal J2.14 <0.1 <%.1 " C.14 <. <2.1
CcrT - 0.18 <0.1 <01 0.13 <0.1 <0.1 C.14 <0. 1 <0.1
CrD 0.12 <0.1 <0.1 <0.1" <n.1 <. 1 <0.1 . <N <N,
CuT 1.2 0.1 0. 15 0.75 <C.1 0.11 0,33 <0.1 0,12
CuD <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0, 1 <n.1 LGP
snT <0.1 <Cu <0.1 0. 21 <0.1 <0.1 <J.1 .1 <9.1
snD <0.1 <0.1 <0.1 0.11 <0.1 <0.1 <C.1 <. 1 <N, 1
car <0.1 <01 <0.1 C <01 <0.1 <0.1 <01 <, <0.1
cdp <0.1 <0.1 <0.1 <0, 1 <0, 1 <0.1 . €0, <0.1 <C,1
ZnT ‘ 2,05 0.29 0.3 0.8% 0.13 n.3 .18 <0.1 UPRE |
ZnD 0.13 <0.1 0.16 0,21 <0,1 <0.1 <€0.1 <. 1 <N,
As! <0, 1 . <0.1 <0.1 <0.1 <°e1 <0.1 <0.1 <0, 1 <0,1

“ HqT . €0,0025 <0.0025 <0.002% €0,0025 <0.0025 <0.0025 <0.0025 <€0.£025 ° <3.3325
HqD €0.9025 <C.0025 <0.0025 €2.9925 <0.0925 <0,0325 <0.0025 <¢3.2025 <2.3025
Flow (m3/day) 5,300.0 2,044.1 3,57%. 4,502.7 1,135.6 2,6U9.6 8,327.9 4,921.0 7,%7C.8

{galsday) 1,400,000 S40,000 93¢,C00 1,200,000 300,0C0 700,000 2,200,000 1,30¢,nC0 2,000,000

13
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Table V-6. SUMMARY CF CONTRACTCR'S
MONITORING AT SHIPYARD B

APRIL 1976
Harbor Initial Initial Final Final
Hater Fill Dewatering Drainage Discharge Fill Dewatering
Range
Parameter Yalue Value - Value High . Low Median - Value Value
pii 7.9 8.1 8.0 7.7 7.8 7.8 7.8
Suspended
wolids 12.0 41.0 43.0 68.0 13.0 20.0 26.0 41.9
Settleable :
Solids 0.0- . 3.0 0.9 0.8 2.0 0.0 0.0 TRACE
0il and
Grease €<5.9 <5.90 <5.0 - 9.3 - €5.0 5.0 5.3 <5-0
PbT 0.26 0.25" 0.39 0.37 0.2 0.3 0.25 0.31
PED 0.26 0.25 0.16 0.23 .16 0.19 .25 0.31
Cr_’l‘_ <°.1 <°.1 <°c1 0.1 <°.1 <001 <0.1 (0.1
CrD <%.1 <041 <0.1 ’ 0.1 <%.1 <J.1 <0.1 <0.1
. CuT <0.1 <0.1 <0.1 . <0.1 <0.1 <0.1 <C.1 <0.1
v Cud <0.1 <0, 1 <C.1 <0.1 <C.1 - <0.1 <0.1 <0.1
[0+] Snz (2.0 <2-o 2.0 R “.0 <2oo 3.0 3-0 N <2o°
sSnD €2.90 <2.0 2.0 " 3.0 <2.0 <2.0 2.0 <€2.2
car 0.903 0.03 0.03 0.03 0.03 0.03 0.03 0.23
Cdp 0.3 0.03 0.03 0.03 0.03 0,03 . 0,03 0.03
ZnT <0.02 <0.02 <0.2 4,0 <0.02 . 0.3 Co 1 0.5
ZnD <0.02 <0.02 <0,02 0.1 <0.02 0.02 0.1 0.1
MnT <0.06 0.1 0.1 ’ .2 0.06 0.1 T 0.06 0.1
MnD <0.96 0.06 0.C6 0.1 <0.06 0.06 0.906 0.1
AsT <C.02 <0, 02 <0.02 <0.02 <0.02 - <0,02 <0.02 . <0.02
AsD <0.02 <0.02 <0.02 <0.02 - €0.02 <0.02 <0,02 <9.02
HAT T 0.0031 0.0027  0.0036 - 0.0021 0.0212 0.0015 0.001 0.0017
HqD 0.0031 0.0027 0.0008 ¢.0021 0.0011 0.0015 0.001 0.0017
NiT - <0.2 <0.2 <0.2 <0.2 <0.2 T <042 <0,2 T <0.2
NiD €0.2 <0, 2 <0.2 . <0.2 <0.2 <0.2 <0.2 . <0.2
AlT - €1.,0 <1.0 <1.0 1.6 <1,0 ~  <1,0 <1.0 <1.0
AlD <1,0 <1.0 <1,0 <190 <1.¢ . €1.0 <1.0 <1.0
FeT 0.3 1.0 1.2 2.6 N.4 101 1.1 0.8
FeD <0.1 <0. 1 <0.1 c.1 <0.1 <0.1 <0.1 <0.1
Flow {(m3sday) ) N 3,028.3
(gal/day) : 800, 000

[

Volume of filled drydock = 8.3 x 19% m3 (22 x 10¢ gqallons).
All values except pH and flcw are in mg/l.
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Table V-6. SUMMARY CF CONTRACTCR'S
MONITORING AT SHIPYARD B

APRIL 1976
Hartor Initial Initial Final Final
Water Fill Dewatering Drainage Discharge Fill Dewatering
Range
Parameter YValue Value Value High Low Median - VYalue value
pH 7.9 8.1 8.0 7.7 7.8 7.8 7.8
suspended -
wolids 12.0 41.0 43.0 68.0 13.0 24,0 26.0 41.9
Settleable
Solids 0.0 . 0.0 0.0. 0.4 2.0 : 0.0 9.0 TRACE
0il and
’ Grease <5.3 <5.90 <5.0 9.3 <5.0 - 5.0 5.3 <5.0
] ‘ PbT 0.26 0. 25 0.39 0.37 0.2 0.31 T 0,25 0.31
PED 0.26 0.25 0.16 0,23 .16 0.19 .25 0.31
CrT <0.1 <0.1 <0.1 0,1 <0.1 <0.1 <0.1 <0.1
crd : <J.1 <0.1 <0.1 0.1 <J.1 <J.1 <0a 1 <0.1
CuT <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0, 1 <0.1
w Cud <0.1 <C.1 <C.1 <0.1 <0.1 <0.1 <0.1 <0.1
® SnT <2.0 <2.0 2.0 4,0 <2.0 3.0 3.0 <2.0
snD <2.90 <2.0 - 2.0 3.0 2.0 €2.0 2.0 <2.92
cdar 0.03 0.03 - 0,03 0.03 0.03 0.03 0.03 0.03
- cdp 0.93 . 0.03 0.03 0.03 0.03 0.03° .03 0.03
nT <0,.02 <0.02 <0.2 4,0 <0,.02 0.3 C.1 0.5
ZnD . <0.02 <0, 02 <0.02 0.1 <0.02 0.02 0.1 0.1
MnT <0.06 0.1 0.1 . C.2 0.06 0.1 0.06 0.1
MnD <0.96 0.06 0.C6 0.1 <0.06 0.06 0.06 0.1
AsT <0.02 <0.02 <0.02 <0.02 <n.02 <0.02 <0.02 <0.02
AsD <0.02 <0,02 <0.02 <0.,02 - €0.02 <0.02 <0.02 <0,.02
HAaT - 0.0031 0.0027 - 0.0036 0.0021 0.212 0.0015 0.001 0.0017
HqaD - 0.0031 0.0027 0.0008 0.0021 0.0011 0.0015 0.001 0.0017
NiT <0.2 <0.2 <0.2 <0.2 0.2 <0.2 0,2 ) <0.2
NiD 0,2 <0.2 <0.2 <0.2 <0,2 <0.2 <0.2 <0.2
AlT <i.0 . <1.0 <1.0 1.6 <i.0 <i.0 <1.0 - <i.0
AlD <1.0 <1.0 <1.0 . <10 <1.C <1.0 <1.0 <1.0
FeT 0.3 1.0 1.2 2.6 0.4 1.1 1.1 . 0.8
FeD <0, 1 <0.1 <0.1 .1 <0.1 <0.1 T €0a1 <0.1
Flow {(m3r/day) 3,028.3
(galsday) . 800, 000

Volume of filled drydock = 8.3 x 10¢% m3 (22 x 10¢ gallons).
All values except pH and flcw are in ng/l.
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Table V-7 BUMMARY OF ALL MONITORING
AT SIIPYARD 8

Initial £111 Initial Dewatering Drainage Discharqe
Range Range Range
Parameter HIgh Low Hodian Hgh— Low Hodlan filgh Tow Hedlan
pil 8.1 7.1 (2) 7.1 1) 8.0 7.2 7.7
Suspended 41. 2,0 30.0 43.0 2.0 35.0 19,312,0 2.0 6.5
Solids .
Settleable 0.1 0.0 (2) 0.0 1) 200,0 0,0 < 0.1(3)
Soldids

Oll & Grease 5.0 (1) 5.0 (1) 61.0 “0,1 1.2(2)
o 0.25% <0.01 <€0.05 0,39 <0.01 <0,05 13.0 <0,08 40,1
PLD 0.25 <0.01 <0.08 0.16 <0,01 <0,05 1.2 0,03 <0.1
crT 0.61 0.02 <0.1 R 0.61 0.02 <0,1 1.0 <0.025 <0,1
crd 0.45 0.03 <0.1 0.45 0.02 <0.1 0.79 0.0} <0.l
cuT <0.1 0.06 <0,1 <0, 0.07 <0.1 60.0 <0,1 <0,1
Culd <0.1 0,03 <0.1 <0.1 - 0.08 <0.1 4.5 0,06 <0.1
saT 5.0 0.11 <€2.0 5.0 0.11 2.0 5.0 <€0.1 €0.1
snb 5.0 <0,1 <2.0 4.0 <0.1 2.0 3,0 <0.1 <0.1
CuT 0,05 0.03 <0.08 0.05 0,03 <0.05 <0.,1 - 0,01 <0.1
cap -0.07 40,03 <0.03 0,05 0,03 <0,05 40,1 0,02 <0.1
zn'_?_ 11,0 <0.02 <0,.1 0,12 <0.02 <0.1 9.0 <0.02 0,26
nD 12.0 <0,02 40,1 0.14 <0.02 <40.1 4.1 <0.02 40,1
LUV 0.1 1) 0.1 (1) 0.2 0,06 0.1(1)
Hn) 0,06 1) 0.06 (1) 0.1 <0,06 0.,06(1)
AsT <0.02 <0,02 2) <0,02 <0.02 (2) 0,19 <0.02 <0,1
As) 40,02 40,02 {2) - <0,02 <0.02 (2) 0.15 <0.02 <0,
HyT 0.0027 <0,0001 <0,0025 0.0036 <0.0001 <0.0025 0,056 <0,0001 <0.0025
#90 0.0027 «<0,0001 <0,0025 <0,0025 <0,0001 0.0008 <0,0025 <0,0001 <0.0025
NiT <0.2 . 1) 2.0 [§% €0.2  <0,0001 <0.0025
NiD <0,2 . 1) 2.0 (1) €0.2 <0,2 <0.2 (1)
AT <1.0 1) <l.0 (1) 1,6 <1.0 <1,0 (1)
AlD <1.0 1) <1,.0 (1) <1,0 <1,0 41,0 (1)
FeT 1.42 1.0 2) 1,42 1. (2) 1,250,0 1.4 5.5 (1)
Fol} <0.1 <0.1 2) 0.1 <0.1 (2) 0.16 <0.! <0,1 (1)
tumber of 3 k) 4

All valuss except pH are in mg/d.

Numbers in parentheses ()} indicate number of tests
porformed if different from "sNumbexr of Tests®,

pinal £i11
anga
High Low Median
7.9 7.8 (2)
26.0 6.0 05
a0, 0.0 {2)
5.3 (1)
<0,25 0.02 0.075
<0,25 <0,01 <0,05
<0,01 <0.02% 0.04
<0,01 <0,023 0,04
<0.25 40,1 0.13
<0.25 <0,1 0.08
3.0 £0.1 (2)
2.0 40,1 (2)
0.05 0.03 40.05
40.05 0,03 0.04
0.5 0.1 0.2)
0.12 <90.1 0.1
0.06 1
0.06 1
0.15 2
0,09 40,02 2
0.0080 <0.02 0.00)
<0,0028 <0.0000 0.001
0.001 {1
0,001 {1
<1,0 1
<1.0 1
4.2 1.1 2
<0.1 40.1 ¢]

Pl

Final Dewatering

"~ Range
iigh Low Medlan
7.0 7.7 {1
4.0 41.0 3,0
41.0 <0.1 {1
45,0 (1
0.31 €0.01 40,05
0.31 0.01 <0,08
<0,01 0.025 0,04
<0.0) 0.925 0.04
<€0.2% 0.06 <0.1
€0.25 <€0.1 0.11
6.0 0.1 <2.0
6.0 0.1 <2,0
0.07 0.03 <0,08
0.05 0.03 <0.08
0.5 0.1 0.32
0.4 0.1 0.1
0.1 Q1
0.1 (1
0,12 <0.02 (¢
0.062 <0.2 {2
€0.0025 «<0.0001 0.0017
<€0.0025 <0.000} 0.0017
<0.2 . (1
<0.2 3
<1.0 {2
<41.0 {1
1.5 0.9 (2
<0.1 40.1 (2
k]
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Table V-8 SUMMARY OF NPDES MONITORING
OF DRAINAGE DISCHARGES AT SHIPYARD D
JANUARY 1975 THROUGH DECEMBER 1975

Harbor Water GD #D-2 - GD #D-3 ‘ GD #D-4
Range Range Range Range
Parameters ~ High Low  Median High Low Median Hlgh Low Median High Low Me .lan
pH NR NR NR 7.9 6.9 7.6 8.1 7.5 7.7 7.8 7.5 7.7
Suspended 19.0 1.7 5.6 20.0 4.4 9.1 22,0 3,2 10.0 32.0 3.2 16.0
Solids
Settleable NR NR NR 0.3 0.0 0.0 0.1 8.0 0.0 0.1 0.0 0.0
Solids :
0il & Grease NR NR NR 4.0 0.0 2.0 3.4 0.0 0.2 3.8 0.0 1.3
PbT NR ~ NR NR 0.7 <0.01 <0.05 0.6 <0.01 <0.04 0.58 <40.01 <0.02
CrT NR NR NR 0.27 <0.1 <0.1 0.34 <0.01 <£0.05 0.2 0.0 0.03
Cul 1.4 <0.05 0.12 1,2 <0.05 0.21 1.6 0.07 0.25 4.1 0.1 0.27
N SnT . NR NR NR <1.0 0.03 <0.1 <1.0 0.03 <0.7 <l1.0 <0.01 <0.5
° ZnT 1.6 0.02 0.29 1.8 0.02 0.6 1.2 0.1 0.5 1,1 0.03 0.28
FeT 0.39 <0.01 0.07 3.2 0.02 0.39 3.0 0.13 1.0 3.0 0.13 0.91
Flow (m3/day) - 1135.6 1135.6 1135.6 473.2 473.2 473.2
(gal/day) 300,000 300,000 300,000 125,000 125,000 125,000

All values except pH and flow are in mg/l.

NR = No Result
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All values except pH are in mg/l.

Harbor Water

Table V-10 SUMMARY OF ALM HARBOR AND

DRAINAGE DISCHARGE MONITORING AT SHIPYARD D

Parameter High
pH 9.3
Suspended 200.0
Solids
Settleable TRACE
Solids i

0il & Grease <5.0
PbT 0.57
Pby 0.57
Cry 0.1
Crv <0.1

- Cul 1.4
Cub <0.1
sSnl 3.4
Snb 2.1
CdT 0.06
Cdu - 0.05
Znl 1.6
Zny 0.45
Mng 0.14

- Mnp 0.1
-Ast 0.05
ASE 40002
Hg'T 0.0014
HgD 0.0014
NiT 0.36
NiD 0.36
AlT 41.0
Aly <l.0
Fell 0.39
FeD 0.2

<0.01
0.2

Median

9.0
6.0

0.0

<5.0
0.43
0.42

<0.1

<40.1

0.12(2)
'4001 ‘

2.1

0.05
0.05
0.19(2)
<0.1
0.1
0.07
<0.02
<40.02
0.0014
0.0013
0.36
0.36
<l.0
<l.0
0-07(2)
0.2

Drainage Discharge

(2) Indicates both -contractor and NPDES monitoring.
All other results are only contractor results.

Range
High Low
9.1 6.9
166.0 3.2
0.3 0.0
<5.0 0.0
0.57 0.01
0.50 0.32
0.27 <0.01
<0.1 <0.1
4.1 0.03
0.3 <0.1
3.7 0.01
2.9 <2.0
0.06 <0.03
0.06 <0.03
2.0 - 0.02
0.36 <40.02
1.83 0.25
1.79 0.21
0.04 <0,02
<40.02 -<0.02
0.0019  <0.0001
0.0019 - <0,0001
0.35 <40.2
0.35 40.2
1.1 <1.0
<1.0 <l.0
3.7 0.02
2.1 0.6

Median

7.9 (2)
17.0 (2)

0.0 (2)

3.2 (2)
0.07(2)
0.4
40,1 (2)
<0.1
0.2 (2)
40,1
<1.0
42,0
<0.04
<0.04
0.28(2)
0.05
1.43
1.4
<0.02
<0.02
<0.0009
0.0008

~“A0 2
™MV e &

<0.2
<l.0
<1l.0
1.3
0.8




A grab sample of the flooded dock was collected and a composite of

samples collected at each two-foot water level drop was made during

dewatering. '~ Samples were taken of the drainage water during hosedown

following initial dewatering and regularly throughout the monitoring

. period. Every two minutes during the pumping cycle, samples were
' drawn and composited.

During the May 1976 sampling program at Shipyard D, the harbor water
was actually higher in certain constituents, such as total suspended
solids and pH, than in the NPDES tests. No - significant increases
occurred between corresponding influents and effluents. As in samples
at other shipyards, discharge 1levels tend to be very low with rare
"high" values of certain parameters. It could not be established that
dockside activities affect discharge 1levels. As in the case of
shipyards A and B, constituent 1levels remain constant throughout.
Only levels of manganese varied from the harbor water concentrations.
In all likelihood, this can be attributed to groundwater infiltration
since no other major source of manganese is apparent. The results
again- lead to the conclusion that the nature of the discharge is not
conducive to numerical monitoring. ' \

Several obstacles exist with respect to conducting an accurate
sampling program of floating drydocks and/or graving docks. Some of
these problems are due to the nature of the operation and drydock
design. Other difficulties occur during interpretation of the data.

o The physical design and operation of a floating drydock is
not conducive to conducting an effective sampling programe
During submersion of the dock, potential contaminants such
as grit and paint might be flushed from the surface of the
dock, rather than discharged through a single sampling point

~ such as a pipe or sewer, as in the case with graving docks.

When the dock is submerged, grit, spent paint, o0il and
grease, and other dockside wastes may be flushed or may
float from the dJdock floor. Any spills, stormwater, or
discharges onto the floated dock floors will randomly run
off the ends and through scuppers along the sides of the
floating drydock. Since there are multiple discharge
points, accurate sampling is not feasible.

o Because only total drainage discharges were monitored on a
daily basis, it is difficult to attribute constituents and
flows to any individual source or operatione. For example,
variations in flows and composition of cooling water and
‘degree of hydrostatic relief might occur concurrently with
an operation such as blasting or painting. Any alteration
in drainage discharge would be difficult to correlate with
these activities.
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shipyard D management once attempted to estimate all drydock
discharge parameters and levels but were unable to determine
the source of some of the contaminants. The problem
obviously is complex.

o Insufficient documentation of sampling programs performed
prior to this contract makes interpretation of previous
monitoring questionable. By failing to ' explain what
shipyard operations were in progress, weather conditions,
floor conditions, and especlally analytical procedures,
interpretation and comparzson of monitoring data is
difficult. ,

o The lack of a "typical" daily dock operation means that all
data obtained is particular to that specific day and is not
necessarily representative of the usual drydock discharges.
Consequently interpretation of the data is difficult. This
restricts determination of sources and establishment of
recommendations.

Leaching Studies

Studies of the leachability of the fresh abrasive and spent abrasive
and paint were done at several shipyards. The experiments are
discussed below. . .

Leaching Study #1 consisted of an experiment in which 400 grams of
spent abrasive collected from a shipyard facility were mixed with a
liter of seawater. The combination was shaken intermittently. A 100
ml aliquot was withdrawn after two days one inch below the surface.
Another aliquot was withdrawn after eight days. The method of
analysis was not defined. The two aliquots produced no difference in
concentrations of ¢4, Cr, Zn, Cu, and Sn. Only levels of lead showed
a significant increase.

The results of leaching Study #2 present markedly different
conclusions. These tests performed by EPA indicate that the spent
abrasive may actually act as an adsorbent of metals already present in
the water. Approximately 100 grams of spent abrasive collected at
‘five different shipyards were each exposed to approximately one liter
of seawater from the local bay. An analysis indicated that cadmium,
chromium, lead, and tin levels all either remain the same or
decreased. only copper and zinc exhibited any increase ' in
concentration. ' -

Leaching Study #3 resulted in no major change in nickel, i&nc, tin, or

cadmium. Slight increases in chromium, copper, iron, and lead levels
occurxred, but mercury concentration was reduced 98 percent.
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The data for Leaching Study #4 was much more thorough. Seven spent
abrasive samples and two fresh abrasive samples were subjected to a
leaching test in seawater. A level of pollutant was determined after
exposure of 300 hours and 700 hours. only 1lead concentrations
«  markedly increased with each sample. Copper and zinc levels increased
significantly on occasions, but otherwise remained constant. Arsenic,
cadmium, mercury, and tin concentrations never varied appreciablye.
Levels of copper, lead, and =zinc in the .liquid consistantly
corresponded to the levels in the spent abrasive. Similarly 1low
values of these metals in the liquid samples occurred when the spent
abrasive contained lesser quantities of these three elements.

Leaching Study #5 consisted of treating five different samples of grit
and river sediment with river water or deionized water. Some of the
experiments involved stirring, while others did not. Chromium levels
actually showed a slight decrease in value, indicating again the
possibility that +the abrasive acts in certain cases as an adsorbent.
Copper levels changed very little. Data on leachability of =zinc was
inconclusive since concentrations of zinc increased in some instances
and decreased in others.

There are many inconsistencies in the results of the five 1leaching
studies reviewed. Questions which remain about testing procedures and .
conflicting data indicate that further study would be beneficial.

Doubts exist about the reliability of a leaching test done in a small

closed container where dilution and circulation are not factors.

Sieve Analyses of Debris

Sieve analyses were conducted on fresh grit and spent paint and
abrasive collected by the contractor at sShipyard B. One. sample
consisted entirely of fresh abrasive, and the second sample containing
spent paint and grit was collected from the drydock floor immediately
following blasting. The two samples were analyzed using a standard
sieve analysis and the results are shown in Table V-11 and V-12.

Table V-11. GRAIN-SIZE ANALYSIS
OF UNSPENT GRIT (SAMPLE 1)

Sieve % Retained - % Finer
10 15 85
40 83 . 2
60 1.8 -2
140 <.1 <. 1
200 <.1 <. 1
<200 <.1 <. 1
100

Average specific gravity = #4.617
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Table V-12. GRAIN-SIZE ANALYSIS OF
SPENT GRIT AND SPENT PAINT (SAMPLE 2)

Sieve % Retained % Finer
§
10 . 10 90
40 78 12
60 6 6
140 3 3
200 1 2
<200 2 1
100

Average specific gravity = 4.418

The fresh grit, "Black Beauty," was purchased by the company from
power plants. The abrasive is actually the slag collected from coal-
fired boilers. The principal constituents are iron, aluminum, and
silicon oxides (see Table III-3). The spent grit and paint, which
were collected following a "very 11ght sand sweep," contained flakes
and particles of antifouling and primer paints and bits of iron
oxides. The test results indicate that over 95 percent of the
particles in each sample were sand size and were retained in U.S.A.
Standard Testing sieves numbered 10, 40, 60, and 140, made by Tyler
Equipment Co., with the largest fraction retained in sieve number 40.
The unspent grit particles were slightly larger and the facets were
sharper and more defined. The specific gravities of the two samples
did not differ 51gn1f1cant1y. These sand-size particles were readily
settleable. x
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_SECTION VI

SELECTION OF POLLUTION PARAMETERS

INTRODUCTION

Materials originating from shipbuilding and repair activities which
may have significance as potential pollutants have been identified
during the course of this study. Although an ‘exhaustive 1list of
materials capable of discharge to waterways could be developed, many
of these can be eliminated from consideration. = The priority
pollutants copper, 2zinc, chromium, and lead have been identified as
being present in shipyard facilities under conditions which can result
in their discharge. Compounds of these metals ' are hconstituents of
fresh paints (Tables III-4 and III-5). They persist in the abrasive
blasting debris as components of the spent paint and. abrasive. The
rationale for selection of constituents as pollutlon parameters or for
rejection of others is presented here.

While numerical guidelines and standards are not being recommended at
this time, pollution parameters are being identified for consideration
by the users of this document and for further investigation, and use
where it may be appropriate. ‘

Factors ‘which have been considered in selecting and rejecting
pollution parameters include:

o The degree of pollutional constituents used and discharged
from ship repair and construction operatlons in graving-
docks and floating drydocks.

o The need for preventing the introduction of the constituent
into the waterways; and

o The aesthetic effects of the constltuent and the effects on
: other uses of the water.

A list of constituents which may be subject to discharge from graving
docks and from floating drydocks is shown in Table VI-l. Pollution
parameters have been selected from this list, and this is discussed in
the follow1ng sections.
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Table vi-1.

DISCHARGED TO WATERWAYS

Constituents

Fresh Grit

Blasting Debris

Solid Wastes

Fresh Paint

0il & Grease
Fuel

0il, Grease and
Fuel Contaminated
Water

Solvents, Paint
Remover

Boiler Water

Cooling Water

Hydrostatic
Leakage

Gate Leakage

Source

Spills during transfer
and handling

Material removed from
ships hull during
blasting

Repair and Construc-
tion Activities

Paint mixing spills,
overspray

Spills and leakage
from ship and equip-
ment, losses during
servicing

tLeakage from tank

cleaning and ruptured
tanks, bilgewater

Paint stripping
other than blasting

Vessel boiler

Vesseliequipmeﬁt

Groundwater leakage
into dock

Barbor water

68

MATERIALS ORIGINATING FROM DRYDOCKS WHICH MAY

comments

Uncontaminated
solid, usually slag,
sand, cast iron or
steel shot

Spent grit, marine
fouling, spent paint,
rust, may contain

- priority pollutants

Scrap metal, welding
rods, wood, plastics,
trash such as paper

-and food scraps

Overspray may reach
dock floor, spills

to floor or drains

and contains prior-
ity pollutants

Can originate either
from vessel or from
dock activities

May contain détergents
used in tank cleaning

Not common practice

High quality water,

usually not discharged

Supplied by on-shore
source, once-through,
non~-contact

Graving docks‘only

Graving docks'only

NWMAR117030
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Materials identified in Table VI-1l may produce other contaminants in
water. Their effects are generally measured in terms of parameters
such as suspended solids, dissolved solids, BOD and COD, o0il and
grease, and specific elements or chemical species. Table VI-2 lists

G specific and nonspecific parameters which are possible pollutants.
Analytical methods for monitoring would necessarily include some or
all of the items listed in Table VI-2.

Table VI-2. PARAMETERS WHICH MAY BE PRESENT IN
WASTEWATER DISCHARGES FROM DRYDOCKS

Specific_ Parameters Non-Specific '
Metals Non-Metals - Parameters

~ Pb Mn PO, pH |
Cr As NO, .Total Suspended Solids
Cu Hg Settleable Solids
Sa Ni | 0il and Grease»

cd Al
Zn Fe

RATIONALE FOR THE SELECTION OF POLLUTION PARAMETERS

During the course of this study and the sampling program conducted in
support of it, it has become evident that a direct cause and effect
relationship between activities and materials in the docking facility
and constituents in the wastewater does not always exist. In
addition, much of the water purposefully used in drydocking operations
is harbor water already containing measurable levels of constituents
leached from the drainage area supplying the harbor, discharged from
other sources, or naturally present in the water. Because of this,
the problem of identifying the origin of these constituents, in the
presence of sampling and analytical variations, becomes complex.

In selecting pollution parameters two questions have been considered
as vital to the proper inclusion of a constituent in this category.
The first of these 1is, "Are the constituents discharged to the
environment"? Second, and equally important is, "Is the constituent
present in the ship repair and construction facility in a condition
capable of creating a hazardous discharge"? If both of these questions
can be answered in the affirmative, the constituent should be
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considered a potential pollutant requiring monitoring and possibly
necessitating controls.

Referring to Table VI-2, the listed metals all may be constituents of

¢ the paint used on hulls. The most commonly used anticorrosive paints
contain zinc chromate or lead oxide. Antifouling paints in current
use usually incorporate cuprous oxide. The use of arsenic and mercury
antifouling paints has been discontinued because of their toxicity.
Recently, antifouling paints containing organotin compounds have been
introduced into practice. These have the advantage of longer life in
service but when removed for repainting, like mercury based paints,
can be toxic to workers. Three sources of iron exist in the
drydocking facility. Steel scrap and waste metal are major sourcese.
Yron from scrap is initially in the metalli¢ form but air and moisture
will rapidly produce a surface coat of rust. The second source is
iron oxide contained in the paints.. The amount of iron oxide in paint
is negligible compared to the other paint components and to exposed
steel surfaces found in the drydock area. The +third source is
metallic iron abraded from ships during abrasive blasting and
subsequent potential dissolution into water.

Non-metal constituents are phosphates and nitrites. These are added
to water in trace quantities during wet blasting to bare metal. They
function as rust inhibitors. Their wuse is infrequent and total
quantities are small. .

Non-specific parameters  which may ultimately be transported to
wastewater are also listed in Table VI-2.

Solids content is measured by total solids, suspended and settleable
solids, and dissolved solids. Total solids is the total of the
suspended and dissolved components. Most of the suspended solids are.
spent paint and grit from the blasting operations, but may also
include dried fresh paint resulting from overspray and spills. Other
sources of solids are metal or metal scale particulates resulting from
cutting and cleaning work, slag from arc welding, wood and other
organic solids particles, etc., all in small quantities. Dissolved
solids may be present due to constituents from spent or fresh paint,
solution of iron -or alloy metals from scrap steel, and solution of
components from virtually any solid coming in contact with water.

A measure of the hydrogen ion concentration of water is pH. As such,
it can be altered (from the neutral value of 7) to either acidic or
basic values by the effects of dissolved materials added to the water.

0il and grease are measures of the quantity of organic compounds

extractable by hexane. This can include not only o0ils and greases,
but also fuel, solvents, and paint componentse.
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The parameters selected as pollutants potentially released by shipyard
activities into wastewaters . are listed in Table VI-3. These
constituents represent materials which are commonly used in drydocking
facilities and hence which have potential for release to ambient
waters. Although other parameters 1listed in Table VI-2 have been
rejected as pollutants to be regulated at this time, the sampling and
analysis program routinely determined the levels of those as well.
‘'The basis for rejection is discussed in the subsection on "Rationale
for Rejection of Pollution Parameters." '

Table VI-3. POLLUTION PARAMETERS

Specific Parameters . . ’
Priority Other Non-Specific

Pollutants  Non-Metals Metals Parameters
Zn None Sn* Suspended Solids
Cu Settleable Solids
Pb ‘ 0il and Grease
Cr . PH

*Only where organotin anti-fouling plants may be
. used or removed from the hull.

It must be emphasized that one of the great uncertainties in
establishing pollution parameters arises from the use of harbor water
for most of the shipyard operations. ~Unlike chemical processing
prlants, where high quality water is used, input water may vary in -
constituent concentration fronm fresh lake and river water to saline
ocean water, thus the background content of suspended and dissolved
components may mask many of the parameters frequently monitored. The
following subsections discuss each of the parameters selected as
potential pollutants. :

Zinc (Zn)

Occurring abundantly in rocks and ores, zinc is readily refined into a
stable pure metal and is used extensively as a metal, an alloy, and a
plating material. In addition, zinc salts are also used in paint
pigments, dyes, and insecticides. Many of these salts (for example,
zinc chloride and zinc sulfate) are highly soluble.in water; hence, it
is expected that zinc might occur in many industrial wastes. On the
other hand, some zinc salts (zinc carbonate, zinc oxide, zinc sulfide)
are insoluble in water and, consequently, it is expected that some
zinc will precipitate and be removed readily in many natural waters.

71

R i

NWMAR117033




In soft water, concentrations of zinc ranging from 0.1 to 11l.0 mg/l
have been reported to be lethal to fish., Zinc is thought to exert its
toxic action by forming insoluble compounds with the mucous that
covers the gills, by damage to the gill epithelium, or possibly by
¢ acting as an internal poison. The sensitivity of fish to zinc varies
with species, age, and condition, as well as with the physical and
chemical characteristics of the water. Some acclimatization to the
presence of the.zinc is possible. It has also been observed that the
effects of zinc poisoning may not become apparent immediately so that
fish removed from zinc-contaminated to zinc-free water may die as long
_as %8 hours after the removal. The presence of copper in water may
increase the toxicity of zinc to aguatic organisms, while the presence
of calcium or hardness may decrease the relative toxicity.

A complex relationship exists between zinc concentrations, dissolved
oxygen, pH, temperature, and calcium and magnesium concentrations.
Prediction of harmful effects has been 1less than reliable and
controlled studies have not been extensively documented.

Concentrations of zinc in excess of 5 mgs/l in public water supply
sources cause an undesirable taste which persists through conventional
treatment. 2inc can have an adverse effect . on man and animals at hlgh
concentrations.

Observed values for +the distribution of zinc in ocean waters vary
widely. The major concern with zinc compounds in marine waters is not
one of acute lethal effects, but rather one of the long term sublethal
effects of the metallic compounds and complexes. From the point of
view of acute lethal effects, invertebrate marlne animals seem to be
the most sensitive organisms tested.

A variety of freshwater plants tested manifested harmful symptoms at
concentrations of 10 mg/l. Zinc sulfate has also been found to be
lethal to many plants and it could impair agricultural uses of the
water.

Copper (Cu)

Copper is an elemental metal that is sometimes found free in nature
and is found in many minerals such as cuprite, malachite, azurite,
chalcopyrite, and hornite. Copper is obtained from these ores by
smelting, leaching, and electrolysis. Significant industrial uses are
in the plating, electrical, plumbing, and heating equipment
industries. Copper 1is also commonly used with other minerals as an
insecticide and fungicide. :

Traces of copper are found in all forms of plant and animal life, and

it dis an essential trace element for nutritione. Copper is not
considered to be a cumulative systemic poison for humans as it is
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readily excreted by the body, but it can cause symptoms of
gastroenteritis, with nausea and intestinal irritations, at relatively
low dosages. The limiting factor in domestic water supplies is taste.
Threshold concentrations for taste have been generally reported in the
range of 1.0 to 2.0 mg/l of copper while concentrations of 5 to 7.5
mg/1l have made water completely undrinkable. It has been recommended
that the copper in public water supply sources not exceed 1 mg/l.

Copper salts cause undesirable color reactions in the food ‘industry
and cause pitting when deposited on some other metals such as aluminum
and galvanized steel. The textile industry is affected when copper
salts are present in water used for processing of fabrics. Irrigation
waters containing more than minute quantities of copper <can be
detrimental to certain crops. The +toxicity of copper to aquatic
organisms varies significantly, not only with the:  species, but also
with the physical and chemical characteristics of the water, including
temperature, hardness, turbidity, and carbon dioxide content. In hard
water, the toxicity of .copper salts may be reduced by the
precipitation of copper carbonate or other insoluble compounds. The
sulfates of copper and zinc, and of copper and cadmium are synergistic
in their toxic effect on fish.

Copper concentrations less than 1 mg/1l have been reported to be toxic,
particularly in soft water, to many kinds of fish, crustaceans,
mollusks, insects, phytoplankton, and zooplanton. - Concentrations of
copper, for example, are detrimental to some oysters above 0.1 ppme.
Oysters cultured in seawater containing 0.13 to 0.5 ppm of copper
deposited  the metal in their bodies and became unfit as a food
substance. : - :

Tin (Sn)

Tin is not present in natural water, but it may occur- in industrial
wastes. Stannic and stannous chloride are used as mordants for
reviving colors, dyeing fabrics, weighting silk, and tinning vessels.
Stannic chromate is used in decorating porcelain, and stannic oxide is
used in glass works, dye houses, and for fingernail polishes. Stannic
sulfide 1is wused 1in some lacquers and varnishes. Tin compounds are
also used in fungicides, insecticides, and anti-helminthics.

No reports have been uncovered to indicate that tin‘'is detrimental in -
domestic water supplies. Traces of tin occur in the human diet from

canned foods, and it has been estimated that the average diet contains

17.14 mg of tin per day. Man can apparently tolerate 850 to 1000 mg

ver day of free tin in his diet.

Oon the basis of feedlng experlments, it is. unlikely that any

concentration of tin that could occur in most natural waters would be
detrimental to 1livestock. Most species of fish can withstand fairly
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large concentrations of tin; however, tin is about ten times as toxic
as copper to certain marine organisms such as barnacles and tubeworms.

While the inorganic compounds of tin are essentially non-toxic at the
€ levels normally encountered, organotin compounds exhibit a high degree

of toxicity to specific organisms. These are relatively recent

innovations and little experience has been developed in their use.

Due to the potential hazards of organotins to marine environments and
in light of the present lack of knowledge concerning the behavior of
organotin waste in the environment, abrasive blasting waste containing
organtin compounds should be considered pollutants of concern.

Lead (Pb)

Lead 1is wused in various solid forms both as a pure metal and in
several compounds. Lead appears in some natural waters, especially in
those areas where mountain limestone and galena are found. Lead can
also be introduced into water from lead pipes by the action of the -
water on the lead.

Lead is a toxic material that is forelgn to humans and animals. The
most common form of lead poisoning is called plumbism. Lead can be
introduced into the body from the atmosphere containing lead or from
food and water.

Lead cannot be easily excreted and is cumulative in the body over long
preriods of time, eventually causing lead poisoning with the ingestion
of an excess of 0.6 mg per day over a period of years. It has been
recommended that 0.05 mg/1l lead not be exceeded in public water supply
sources.

Chronic 1lead poisoning has occurred among animals at levels of 0.18
mg/l of lead in soft water and by concentrations under 2.4 mg/1 in
hard water. Farm animals are poisoned by lead more frequently than
any other poison. Sources of this occurrence include paint and water
with the lead in solution as well as in suspension. Each year
thousands of wild waterfowl are poisoned from 1lead shot that is
discharged over feeding areas and ingested by the waterfowl. The
bacterial decomposition-of organic matter is inhibited by 1lead at
levels of 0.1 to 0.5 mg/l. TTOMLDE s o ’

Fish and other marine 1life have had adverse effects from lead and
salts in their environment. Experiments have shown that small
concentrations of heavy metals, especially of lead, have caused a film
of coagulated mucous to form first over the gills and then over the
entire body probably causing suffocation of the fish due to this
obstructive layer. Toxicity of lead is increased with a reductlon of
dissolved oxygen concentration in the water.
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Chromium (Cr)

Chromium is an elemental metal usually found as a chromite (FeCr204) .
The metal is normally processed by reducing the oxide with aluminum.

Chromium and its compounds are used extensively throughout industrye.
It is used to harden steel and as an ingredient in other useful
.alloys. Chromium is also used in the electrcplating industry as an
ornamental and corrosion resistant plating on steel and can be used in
pigments and as a pickling acid (chromic acid).

The two most prevalent chromium forms found in industry wastewaters
are hexavalent and trivalent chromium. Chromic acid used in industry
is a hexavalent chromium compound which is partially -reduced to the
trivalent form during use. - Chromium can exist as either trivalent or
hexavalent compounds in raw waste streams. Hexavalent chromium
treatment involves reduction to the trivalent form prior to removal of
chromium from the waste stream as a hydroxide precipitate.

Chromium, in its various valence states, is hazardous to man. It can
produce lung tumors when inhaled and induces skin sensitizations.
Large doses of chromates have corrosive effects on the intestinal
tract and can cause inflammation of the kidneys. Levels of chromate
ions that have no effect on man appear to be so low as to prohibit
determination to date. The recommendation for public water supplies
is that such supplies contain no more than 0.05 mgs/1l total chromium.

The +toxicity of chromium salts to fish and other aquatic life varies
widely with the species, temperature, pH, valence of the chromium and
synergistic or antagonistic effects, especially that of hard water.
Studies have shown that trivalent chromium is more toxic to fish of
some types than hexavalent chromium. Other studies have shown
opposite effects. Fish food organisms and other lower forms of
agquatic 1life are extremely sensitive to chromium and it also inhibits
the growth of algae. Therefore, both hexavalent and trivalent =
chromium must be considered harmful to. particular fish or organisms.

Total Suspended Solids (TSS)

Suspended solids include both organic and inorganic materials The
inorganic compounds include sand, silt, and clay. The organic
fraction includes such materials as grease, o0il, tar, and animal and
vegetable waste products. These solids may settle out rapidly and
bottom deposits are often a mixture of both organic and inoxganic
solids. Solids may be suspended in water for a time, and then settle
~to the bed of the stream or lake. These solids discharged with man's
wastes may be inert, slowly biodegradable materials, or..rxrapidly
decomposable substances. While in suspension, they increase the
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turbidity of the water, reduce 1light penetration, and impair the
photosynthetic activity of aquatic plants.

Suspended solids in water interfere with many industrial processes,

¢ cause foaming in boilers, and incrustations on equipment exposed to
such water, especially as the temperature rises. They are undesirable
in process water used -in the manufacture of steel, in the. textile
industry, in laundries, in dyeing, and in cooling systems.

Solids in suspension are aesthetically displeasing. When they settle
to form sludge deposits on the stream or lake bed, they are often
damaging to the life in water. Solids, when transformed to sludge
deposits, may do a wariety of damaging things, including blanketing
the stream or lake bed and thereby destroying the 1living spaces for
those bkenthic organisms that would otherwise occupy the habitat. When
of an organic nature, solids use a portion of all of the dissolved
oxygen available in the area. Organic materials also serve as a food
source for sludgeworms and associated undesirable or¢ganisms.

Disregarding any toxic effect attributable to substances leached out
by water, suspended solids may kill fish and shellfish by causing
abrasive injuries and by clogging gills and respiratory passages of
various aquatic fauna. Indirectly, suspended solids are inimical to
aquatic 1life because they screen out 1light, and they promote and
maintain the development of noxious conditions through oxygen
depletion. This results in the killing of £fish and fish food
orcganisms. Suspended solids also reduce the recreational value of the
water.

0il and Grease

Because of widespread use, oil and grease occur often in wastewater
streams. These oily wastes may be classified as follows:

o] Light Hydrocarbons - These include 1light fuels such as
gasoline, kerosene, Jjet fuel, and miscellaneous solvents -
used for industrial processing, degreasing, or cleaning
purposes. The presence of these light hydrocarbons may make
the removal of other heavier oily wastes more difficult.

o Heavy Hydrocarbons, Fuels, and Tars - These include the
crude oils, diesel oils, #6 fuel o0il, residual oils, slop
oils, and in some cases, asphalt and road tare.

o Lubricants and Cutting Fluids - These generally fall into
two classes: non-emulsifiable oils such as lubricating oils
and greases and emulsifiable oils such as water soluble
oils, rolling oils, cutting o0ils, and drawing compounds. -
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Emulsifiable 01ls may contain fat soap or various other
additives. ‘ .

o Vegetable and Animal Fats and Oils - These originate
primarily from processing of foods and natural products.

These compounds can settle or float and may exist as solids or liquids
depending upon factors such as method of use, productlon process, and
temperature of wastewater.

0ils and grease even in small quantities cause troublesome taste and
ojdor problems. Scum lines from these agents are produced on water
treatment basin walls .and other containers. Fish and waterfowl are
adversely affected by oils in their habitat. O0il emulsions may adhere
to the gills of fish causing suffocation, and the flesh of fish is
tainted when microorganisms that were exposed to waste oil are eaten.
Deposition of o0il in the bottom sediments of water can serve to
inhibit normal benthic growth. 0il and grease exhibit an oxygen
demand. -

Levels of o0il and grease which are toxic to aquatic organisms vary
greatly, depending on the type and the species susceptibility.
Howsver, it has been reported that crude o0il in concentrations as low
as 0.3 mg/l is extremely toxic to freshwater fish. It has been
recommended that public water supply sources be essentlally free from
oil and grease.

O0il and grease in quantities of 100 1l/sq km (10 gallons/sqg mile) show
up as a sheen on the surface of a body of water. °"The presence of oil
siicks prevent the full aesthetic enjoyment of water. The presence of-
oil in water can also increase the toxicity of other substances being
discharged into the receiving bodies of water. Municipalities
frequently limit the quantity of oil and grease that can be discharged
to their wastewater treatment systems by industrye. e .

2 I IGWE yBbe .
Acidity and Alkalinity (pH) ‘
Although not a specific pollutant, pH is related to the acidity or
alkalinity of a wastewater stream. It is not a linear or direct
measure of either, however, it may be used properly as a surrogate to
control both excess acidity and excess alkalinity in water. The term
PE is used to describe the hydrogen ion - hydroxyl 3ion balance in
water. pH measures the hydrogen ion concentration or activity present
in a given solution. pH numbers are the negative common logarithm of
the hydrogen ion concentration. A pH of 7 indicates neutrality or a
balance between free hydrogen and free hydroxyl ions. A pH above 7
indicates that the solution is alkaline, while a pH below 7 1nd1cates
that the solution is acid.
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RKnowledge of the pH of water or wastewater is useful in determining
necessary measures for corrosion control, pollutlon control, and
disinfection. Waters with a pH below 6.0 are corrosive to water works
structures, distribution 1lines, and household plumbing fixtures and
such corrosion can add constituents to drinking water such as iron,
copper, 2zinc, cadmium, and lead. Low pH waters not only tend to
dissolve metals from structures and fixtures .but also tend to
redissolve or leach metals from sludges and bottom sediments. The
hydrogen ion concentration can affect the "taste" of the water and at
a low pH, water tastes "sour."

Extremes of pH or rapid pH changes can exert stress conditions or kill
aquatic 1life outright. Even moderate changes from "“acceptable"
criteria limits of pH are deleterious to some species. ' The relative
toxicity to aquatic life of many materials is increased by changes in
the water pH. For example, metalocyanide complexes c¢an increase a
thousand-fold in toxicity with a drop of 1.5 pH units. Similarly, the
toxicity of ammonia is a function of pH. The bactericidal effect of
chlorine in most cases is 1less as the pH increases, and it is
economically advantageous to keep the pH close to 7.

Acidity is defined as the quantitative ability of a water to
neutralize hydroxyl ions. It is usually expressed as the calcium.
carbonate equivalent of the hydroxyl ions neutralized. Acidity should
not be confused with pH value. Acidity is the quantity of hydrogen
ions which may be released to react with or neutralize hydroxyl ions
while pH is a measure of the free hydrogen ions in a solution at the
instant the pH measurement is made. A property of many chemicals,
called buffering, may hold hydrogen ions in a solution from being in
the free state and being measured as pH. The bond of most buffers is
rather weak and hydrogen ions tend to be released from the buffer as
needed to maintain a fixed pH value.

Highly acid waters are corrosive to metals, concrete and 1living
organisms, exhibiting +the pollutional characteristics outlined above
for low pH waters. Depending on buffering capacity, water may have a
higher total acidity at pH values of 6.0 than other waters with a pH
value of 4. 0.

RATIONALE FOR REJECTION OF POLLUTION PARAMETERS

A number of parameters shown in Table VI-2 have been rejected as
pollution parameters. This rejection was based on negative answers to
one or both of the questlons used to select pollution parameters.
Rejected parameters are listed in Table VI-4. A brief discussion of
the rejected parameters and the rationale follows.

78

NWMAR117040



Table VI-4. PARAMETERS REJECTED AS POLLUTION PARAMETERS

Specific Parameters Non-Specific

Metals Non-Metals Parameters
As Mn PO, - Total Solids

Hg Al NO, Dissolved Solids
Fe CcOD '
ca ' e -~ BOD

Ni

Arsenic has been rejected because its use in antifouling paints has
been discontinued due to toxicity. Mercury also formerly was included
as a constituent of antifouling paints. However, on March 29, 1972,
the EPA suspended its use in marine paints, and since that use was not '
subject to appeal (although its use in other paint formulations was
appealed), it no 1longer is found in shipbuilding and repair
facilities. If further investigation reveals the presence of arsenic
in foreign paints which are subsequently removed in U.S. facilities,
then it shall become a selected pollutant.

Iron has been rejected because, except for trace quantities in spent
paint both as a pigment component and as rust blasted from the hulls,
its presence 1in shipbuilding and repair facilities is in the form of
structural steel, or at levels below immediate concern.

cd, Ni, and Mn are unlikely constituents to arise from shipyard
operations. No uses of these materials in shipyards have been
identified. Aluminum may be present but is not considered a
significant pollutant. Aluminum in the form of alum is commonly used
in water treatment plants. '

Phosphates and nitrites have been eliminated. Both are potentially
detrimental to natural water bodies, but the only source is from wet .
blasting to bare metal. In this operation they are added to the water
in fractional percentages as rust inhibitors. Wet blasting to bare
metal is rarely used in shipyard practice because of the formation of
rust on the unpainted surface.

COD and BOD have also been rejected. COD occurs as a result of the
presence of reducing chemical compounds in the wastewater. The only
reducing chemical species identified are nitrites, and these have been
rejected as a parameter. BOD results from biological (sanitary)
wastes and is not within the scope of this study.
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SECTION VII

TREATMENT AND CONTROL TECHNOLOGY

ce e 8
ST

INTRODUCTION

Treatment and control of shipyard discharges is subject -to problems
not encountered in most industries. One example is the volume of
water involved 1in graving dock dewatering or raising  floating
‘drydocks. Graving dock volumes shown in Table III-8 range from 3.8
million liters (1.0 million gallons) to 246 million liters (65 million
gallons). Dewatering may be carried out in four hours or less and at
the upper size extreme the flowrate during dewatering would be 60
million 1liters (16 million -gallons) per hour or the equivalent of 476
million liters (390 million gallons) per day. Floating drydocks are
open ended, and confinement of volumes of water equivalent to that
found in graving docks would make it impossible to raise the dock.
Thus, flooding and dewaterlng operations defy practical wastewater
treatment. s

There are, however, a number of practices which can potentially
benefit the discharges of industrial and other waters from both
graving docks and floating drydocks. In the course of this study,
these practices, which constitute the treatment and control technology
in use or under development, were observed or reported to the

contractor by fac111t1es visited or contacted. LR

Seven facilities were visited and thirty-eight were contacted by
telephone. From +the information obtained, the treatment and control
technology in use basically consists of (1) clean-up procedures in the
dock and (2) control of water flows within the dock. The degree to
which the available control measures are implemented by any yard
depends upon conditions prevailing the facility, physical
constraints within +the facility, economlc factors, and, to a large
extent, management philosophy. ST L

all facilities practice some degree of clean wup at various times,
although this may consist only of moving debris out of the work area
when accumulations interfere with operations.: : During tii# docking
reriod, some facilities use extensive clean-up procedures, not only to
remove debris prior to flooding, but to eliminate possible contact
with gate leakage,' hydrostatic water, or rainwater. In general
drydock clean up is directed toward improving productivity and safety
and toward maintaining acceptable working condltlons. Both mechanical
and manual methods are in use. ' : :
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Mechanical clean-up methods used or tried include mechanical sweepers,
front loaders, vacuum equipment and closed cycle blasting. Manual
methods include shovels, brooms, and hoses. .

¢ Control of water flows within the dock, like clean-up procedures,
varies with facility. In some cases, no controls of wastewater from
either the docked vessel, industrial activities, leakage, or other
natural causes are practiced. '

Other facilities use methods to control and segregate water flows or
have plans to implement such control. Generally, control and
segregation of water flows in the dock, when practiced, has been for
the same purposes as clean up, i.e., productivity, safety, and
improved working conditions. However, recently, particularly in naval
facilities, this form of control has the added purpose of eliminating
potential discharge of pollutants.

In summary the treatment and control technology béing applied or
planned for drydocks consists of clean-up procedures and control and
segregation of water flows. The objectives of clean-up activities
are:

o To improve productivity by removing physical obstacles and
impediments to men and machinery working in the dock.

o To improve safety by eliminating " hazardous materials and
conditions from the work area.

o To improve working conditions by eliminating health .(and
safety) hazards and factors detrimental to morale.

o To prevent potential contaminants from being discharged to
the atmosphere or waterwayse.

Where control and segregation of water flows within the docks are in
use or planned the objectives are:

o To segregate sanitary waste, cooling water, industrial
wastewaters, and leakages in order to comply w1th ex1st1ng
regulations governing sanitary wastes.

o To comply with existing regulations governLng oil spills and
discharges.
o To prevent transport of solids to the waterway way and

contact of wastewater with debris in the drydock.

Management practices consistant with attaining these objectives have
been defined. These represent actions and philosophies which can be
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adopted in the normal course of shipyard operations.: As such they can
be set forth in general terms, and the particular conditions.
prevailing at each facility will determine the details and methods of
implementation. The best management practices are presented below.

The following specific requirements shall be incorporated in NPDES
permits and are to be used as guidance in the development of a
specific facility plan. Best Management Practices (BMP) numbered 2,
5, 7 and 10 should be considered on a case-by-case basis for yards in
which wet blasting to remove paint or dry abrasive blasting do not
occur, and BMP 10 does not apply to floating drydocks.

BEST MANAGEMENT PRACTICES (BMP)

BMP 1. Control of Large Solid Materials. Scrap metal, wood and
plastic, miscellaneous trash such as paper and glass,
industrial scrap and waste such as insulation, welding rods,
packaging, etc., shall be removed from the drydock floor
prior to flooding or sinking.

BMP 2. Control of Blasting Debris. Clean-up of spent paint and

' abrasive shall be undertaken as part of the repair or

production activities to the degree technically feasible to

prevent its entry into drainage systems. Mechanical clean-

up may be accomplished by mechanical sweepers, front

loaders, or innovative equipment. Manual methods include

the use of shovels and brooms. Innovations and procedures

which improve the effectiveness of clean-up operations shall

be adapted, where they can be demonstrated as preventing the

discharge of solids. Those portions of the drydock floor

which are reasonably accessible shall be %"scraped or broomed
clean" of spent abrasive prior to flooding.

After a vessel has been removed from the drydock and the
dock has been deflooded for repositioning of the keel and
bilge blocks, the remaining areas of the floor which were
previously inaccessible shall be cleaned by scraping or
broom cleaning prior to the introduction of another vessel
into the drydock. The requirement to clean the previously
inaccessible area shall be waived either in an emergency
situations or when another vessel is ready to be introduced
into the drydock within fifteen (15) hours. Where tides are
not a factor, this time shall be eight (8) hours.

BMP 3. Oil, Grease, and Fuel Spills. During the drydocked period
oil, grease, or fuel spills shall be prevented from reaching
drainage systems and from discharge with drainage water.
Cleanup shall be carried out promptly after an oil or grease
sp111 is detected.
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BMP 4. Paint and Solvent Spills. Paint and solvent spills shall be

treated as o0il spills and segregated from discharge water.

Spills shall be contained until clean-up is complete.

Mixing of paint shall be carried out in locations and under

¢ conditions such that spills shall be prevented from entering
drainage systems and discharging with the drainage water.

BMP 5. Abrasive Blasting Debris (Graving Docks). Abrasive blasting
debris in graving docks shall be prevented from discharge
with drainage water. Such blasting debris as deposits in
drainage channels shall be removed promptly and as
completely as is feasible. In some cases, covers can be
placed over drainage channels, trenches, and other drains in
graving docks to prevent entry of abrasive blasting debris.

BMP 6. Seqregation of Waste Water Flows in Drydocks. The various
process wastewater streams shall be segregated from sanitary
wastes. Gate and hydrostatic 1leakage may also require
segregation.

BMP 7. Contact Between Water and Debris. Shipboard cooling and
process water shall be directed so as to minimize contact
with spent abrasive and paint and other debris. Contact of
spent abrasive and paint by water can be reduced by proper
segregation and control of wastewater streams. When debris
is present, hosing of the dock should be minimized. When
hosing is used as a removal method, appropriate methods
should be incorporated to prevent accumulation of debris in
drainage systems and to promptly remove it from such systems
to prevent its discharge with wastewater.

BMP 8. Maintenance of Gate Seals and Closure. Leakage through the
gate shall be minimized by repair and maintenance of the
sealing surfaces and proper . seating of the gate.
Appropriate channelling of leakage water to the drainage
system should be accomplished in a manner that reduces
contact with debris.

BMP 9. Maintenance of Hoses, So0il chutes, and Piping. Leaking
connections, -valves, pipes, hoses, and soil chutes carrying
either water or wastewater shall be replaced or repaired
immediately. Soil chute and hose connections to the vessel
and to receiving lines or containers shall be positive and
as leak free as practicable.

BMP 10. Water Blasting, Hydroblasting, and Water-Cone Abrasive
Blasting {Graving Docks) . When water blasting,
hydroblasting, or water-cone blasting is wused in graving
docks to remove paint from surfaces, the resulting water and
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debris shall be collected in a sump or other suitable
device. This mixture then will be either delivered to
appropriate containers for removal and disposal or subjected

to treatment to concentrate the solids for disposal and '
prepare the water for reuse or discharge. '

CURRENT TREATMENT AND CONTROL TECHNOLOGIES

Most of the current efforts toward water pollution control in both
graving docks and - floating  drydocks are derived from the
recommendations of the rationale for shipbuilding and ship repair
facilities published by the Denver branch of EPA's National Field
Investigations Center in 1974, (Reference 2), after observing the
practices in effect in some shipyards. That document emphasized the
segregation of wastewaters and general housekeeping practices. It was
recommended that all water flows be intercepted or - otherwise
controlled in order to prevent contact with spent paint and abrasive
and other solid materials on the drydock floor. Procedures for
handling particular water flows, cooling water, hydrostatic relief
water, gate leakage, and air scrubber water were specified.
Miscellaneous trash was to be eliminated through "the diligent use of
waste receptacles or a thorough clean up...prior to flooding." Clean
up of the drydock floor to "broom clean conditions" prior to each
undocking was recommended. '

Many of the shipyards contacted or visited during the course of this
study have made efforts to comply with these recommendations. Their
efforts fall into two general areas (as set forth in Table VII-l):

o Clean up of abrasive
o Control of wastewater flows

The extent to which particular treatment and control technoldgies were
found to exist during the contact and visit phase of this study are
shown in Table VII-2.

The following paragraphs describe observed sequences of the drydock
treatment and control technologies listed in Table VII-3. It should
be noted that certain of these processes and technologies are designed
to reduce or eliminate effluents in drainage pump discharges and
overboard flows from floating drydocks. Others are effective on the
much larger discharges which occur during deflooding and sinking. The
next few pages document procedures for the clean-up of spent abrasive
and other solid drydock debris at seven shipyards which were visited
and observed (labeled shipyards A through G) as well as procedures for
handling cooling water discharges.
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Purpose

Clean-up of Abrasive
From Drydock Floor

Frcm Drainage Trenches

centrol of Wastewater
Flows

Tatle VII-1.
TECENOLOGTES CURRENTLY BEING USED IN DRYDOCKS

Technolcqay

Front Loader

sand shovel and Broom
BRackhoe

Band Shovel

sill, Channeling, or
Trench Drain for
control of Gate Leakage
and Hydrcstatic Relief

WATER QUALITY TREATMENT AND CONTROL

Pollutants Possibly

Affected Applicability
FLO, SUS, SET, HM " GDh, FD
FLO, SUS, SET, HM GD, FD
FLO, SUS, SET, HM GD
FLO, SUS, SET, HM GD
FLO, SuUs, SET, HM, O

FLO = Flcating Solids
sus = suspended Solids
SET = Settleable Solids
0 = Nil and Grease

HY = Heavy Metals and Other Chemical Ccnstituents
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pH = pH
Air = Particulates
SCLIDS = Solid Waste

. GD = Graving Dock

FD = Floating Drydock
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Purpose

Clean-ur of Abrasive
From Drydock Floor
From Drydock Floor

or Drainage Trenches

Alternative To
conventional Dry

Abrasive Blasting

ccntrol of Wastewater
Flows

Treatment of Waste—
water Flows

hAccess for Clean—up

Orerations.
5 Sewage :
TLO Floating Solids

‘Suspended Solids

Settleable Solids pH

Takle V1I-2.

Techncloay

Mechanical Sweeper

Vacuumr Recovery

Equigprent (Sta-
ionary or Motile)

Water Cone Altrasive
Blasting

Wet Atrrasive Blasting
Hydroklasting (Steady

' strear or Cavitation)

Closed-Cycle Atrasive
Blast and Recovery
Cyclone Separaticn
and Cherical-Physical
Pretreatment

Chanreling for Improved
Flccr Crainage

Curbing & Channeling
on Floating Drydccks
Scrugpger Boxes, Hose,
Piping, ands/cr Pumgs
for Clean Water
Cischarges

Cover Plates to Prevent
Atrasive frcr Entering
Prainage System

Centainrent cf Flcws
frcr Wet Blasting

Baffle Arrangement for

Settling in the Crainage

System
Contained Aksorkent
in Cischarge Flcw Path
Wire Mesh in Discharge
Flcw Path
Adartation of Pcntccns
for Settling sSolids

Flat Floor Overlay
Removal of BRilge

Block Slides
Increased Keel Blcck
Clearance

Hydraulic Bilge Blocks

o
HM

0il and Grease
Heavy Metals and
other Ccnstituents
gH
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Pollutants Intende
To Be Affected

WATER QUALITY TREATMENT AND CONTROL
TECHNOLOGIES UNPER DEVETOPMENT CR NOT BEING USED IN -DRYDOCKS

d

FLOW, SET, SUS, HM

FLO, SET, SUS, HM

AIR
AIR

AIR, SET, SUS, BM,

AIR, SET, SUS, HM,

AIR, SET, SUs, BM,
EH ’

SET, SUs, HM, O

SET, SUs, HM, O

SsET, SUS, HM, O

SET, SUS, HM

SET, SUs, HM, O

SET, SUS

o)
FLO

SET, SUs, O

FLOW, SET, SUS, HM

FLO, SFT,
FLO, SET,
FLO, SFT,
FLO, SET,

sus, HM
SUS, HM
SuUs, BM
sus, HM

' SOLIDS
SOLIDS

SCLIDS

Applicability

‘GDy

Gb, D
GD, FD
GD, FD

GD, FD
GD, FD

GD, FD

GD, FD

GD

FD

Gr, FD

GD

. GD, FD

GD

GD
GD

FD

GD,

GD,
GD,
GD,

3333

SCLIDS

Partjiculates
Graving Docks *
Floating Drydocks
Solid wWaste

—remEg ey
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table VII-3. REPORTED APPLICATION OF THE TREATMENT AND CONTROL TECHNOLOGIES
Shipyards Visited Shipyards Contacted (H Through Al

Insufficient
Purpose Technology A B CDETFEG Use Do Not Use Information
Clean-Up of Front Loader * * & & & ¥y = 21 7 2
Abrasive From Mechanical Sweeper X X * X * x X 1 Ca7 2
Drydock Floor Hand Shovel * x ® X & ¥ = 26 1 3
Broom X X X * *« x x 5 20 5
Vacuum Recovery Equipment X X X 2 X X X 2 26 2
From Drainage Backhoe X X NAX X * NA 0 «0 30
bitches Hand Shovel * % NA X % % N 0 0 30
Vacuum Recovery Equipment X X NAZ X X NA 1] 0 30
Container Lifted by Crane X X NAX X * Na 0 0 20
Alternative to Water Cone Abrasive X X X * X X X [ [4] 30
Conventional Dry Blasting
Abrasive Blasting
. Wet Abrasive Blasting X X x * * x X 0 4 2
Hydroblasting
Steady Stream X X X X X X X 3 4 23
Cavitation X X X X X X X 0 0 30
Closed Cycle Abrasive X X X 2 X X 2 1 28 1
Blast and Recovery
Cyclone Separation X X X X Z2 X X 0 0 30
Chemical-Physical
Pretreatment
Control of Waste- Sill, Channeling, or Trench * * NA * * * NA 0 0 30
water flows Drain for Control of Gate
Leakage and Hydrostatic Relief ) -
Channeling for Improved X X X * X X X 0 0 - 3¢
Floor Drainage
Curbing and Channeling of X NAX X NANA X 0 0 30
Floating Drydocks
Scupper Boxes, Hose, Piping, * * % * % x x 4 5 21
and Pumps for Clean Water '
Discharges : .
Cover Plates to Prevent X X NAX * X NaA 0 0 30

Abrasive from Entering

Drainage Systenm

Containment of Floor from X NANA X * NANA [ 0 30
Wet Blasting

Trcatment of Baffle Arrangement for X 2 NAX X X NA 0 0 30
Wastewater Flows Settling in the Drainage
System )
Contained Absorbent in X X NAX X NA 0 0 30 ,
Drainage Discharge Flow Path '
Wire Mesh in Drainage X X NAX NA NANA 0. 0 30

Discharge Flow Path .
Adaptation of Pontoons for NA X NA X 0 0 30
Settling Solids ‘

»
>
B

NORE: * = Use
X = Do Not Use
Z = Planned, Infrequent Use, or Under Development
NA= Not Applicable :
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Most of the facilities visited perform a manual pick up of large
debris prior to each undocking. Such debris includes scrap metal,
large wood chips or blocks, metal cans, scrap paper, paint cans, and

¢ the like. After this manual pick up, with the aid of shovels, the
debris 1is deposited into receptacles on the drydock floor for removal
and disposal. Some shipyards require this procedure at the end of
each shift. Upon. completion of this phase, only spent abrasive and
other small sized debris remain on the drydock floor. A variety of
procedures and technologies to remove the remaining substances were
observed.

. At many shipyards, no efforts are made to remove spent . abrasive from
the drydock floor prior to flooding. Docks servicing fresh water
vessels rarely do any extensive blasting and consequently do not have
spent abrasive to collect. In some cases contractual requirements do
not allow time for clean up. Some companies regard the clean up
process as difficult, time-consuming, labor-intensive, and hence
expensive. The practice of no clean up-was observed in smaller or
older drydocks, particularly those with raised bilge block slides and
those not requiring keel or bilge block movement prior to the next
docking. The necessity for clean up is perceived at these docks only
when accumulations of spent abrasive reach such 1levels that it
interferes with keel or bilge block placement or movement, creates
hazardous working conditions, or reduces productivity. Those
conditions may be reached after only a few ships have been serviced or
after many. Clean up may be as frequent as weekly or as infrequent as
semiannually. : ‘

When clean up is necessary, front loaders are usually placed on the
drydock floor. With graving docks, cranes are required to 1lower the
‘machinery into the dock basin. The front loader is often modified to
permit access to the floor beneath the ships hull and consequently to
operate while the ship is still in dock. The loaders scrape and push
the spent abrasive into piles. Men with shovels and the front loaders
then place the accumulated waste in containers or hoppers.

When bilge block slides are present or low keel blocks are employed,
the efficiency of operation of the front loaders is greatly reduced.
The equipment has difficulty in passing over bilge block slides.
Frequent stopping and starting, climbing and falling wears down the
equipment and is time consuming. Laborers with shovels must manually
clean areas inacessible to the front loader, such.as beneath the hull
and around the blocks and slides.

To remove the remaining grit some shipyards use manual sweepers.
Workers with push brooms sweep the abrasive into piles which are
transferred to the hoppers. '
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In a few instances mechanical sweepers are also used. One sweeper, a

i modified 1-3/4 ton truck, employs horizontal and vertical rotary
brushes to loosen and pick up spent abrasive and other debris from the
. floor. These wastes are collected inside the sweeper. The sweeper
can make two passes along the length of the dock before becoming full;
then it must be emptied before continuing. The sweeper dumps its
contents in a pile on the floor of the drydock. The pile is then
loaded into containers by front loaders and laborers with shovels. -
The mechanical sweeper has no arrangements for reaching around or
under obstructions. It is also too high to clean under ships and can
only clean those areas over which it passes. The sweeper cannot .
operate effectively unless the floor is clear of removable
obstructions such as scupper hoses, hoppers of abrasive, scaffolding,
and materials being used in the drydock (paint cans metal plates,
etc.). Thus, the sweeper does not begin clean up until after exterior
work on the hull has been completed. When a large ship has been
docked, there is little clearance along the sides or at the end of the
dock. In such cases, space does not allow for the sweeper to be used
prior to undocking. : PR

shipyard A has two graving docks and three floating drydocks It
utilizes scupper boxes and hoses to direct cooling water discharges
from the vessel to the drydock drains and ultimately to the harbor.
Graving dock caisson leaks are intercepted at the outboard end of the
dock and pumped back to the harbor without coming into contact with
solid wastes on the floor of the graving dock. Hydrostatic 1leakage
flows to drainage trenches along the periphery of the floor and is
pumped to the harbor. The wastes are invariably wet and packed from
flooding or sinking of the dock, from rain, and from the movement and
placement of equipment, men and materials. This makes the drydock
floor at sShipyard A difficult to clean thoroughly. Also, Shipyard A
drydocks have bilge block slides that are raised above the dock
surface and interfere with cleaning operatlons. 3

Clean up occurs whenever abrasive buildup has reached a depth such,
that the bilge blocks can no longer be repositioned on the bilge
slides. This is necessary following approximately five dockings. When
clean up is necessary, front loaders are brought in to scoop and
scrape the drydock floor. Wastes are accumulated in piles, then
collected in containers using front 1loaders and shovelse. The
containers are lifted out of the drydock by cranes and placed onto.-or
emptied into trucks. Laborers with hand shovels accompany the front
loaders, primarily under the hull and at the bilge blocks and their
slides. R

Shipyard B has five graving docks and cleans up spent abrasive and
related debris prior to each undocking. The clean up procedure of
Shipyaxrd B is identical to that of sShipyard A except that it is
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performed more frequently. As the time for undocking approaches,
front 1loaders and laborers with shovels clean the floor. . In Shipyard
B, the wastes are frequently dry. Shipyard B has no raised bilge
block slides. Thus, the clean up at Shipyard B is ordinarily less
time consuming per occurrence than the clean up at Shipyard A.
Shipyard B uses scupper boxes and hoses to direct cooling water
discharges to the drydock drains. The hoses observed, however, were
in poor shape and considerable leakage flowed across the drydock
floor. The discharges are pumped from the drains to the .harbor.
Caisson leakage 1is intercepted at the outboard end of the docks and
pumped to the harbor. Hydrostatic relief and leakage waters f£flow to
trenches along the periphery of the dock and are pumped to the harbore.

Shipyard C€ has two flush decked floating drydocks and also cleans
prior to and after each undocking. The cleaning is performed using a
mechanical sweeper and a front loader. The sweeper and front loader
"are utilized to clean as best as practicable before floodinge.
Following flooding and undocking of the vessel, the sweeper and front
loader are returned to the dock and work unimpeded (except for the
keel blocks and bilge blocks) and effect a complete cleaning
operation. In every case, the sweeper completes its clean up
including areas previously inaccessible subsequent to flooding,
undocking, and deflooding but before the docking of the next vessel. -

Shipyard D has three graving docks and two floating drydocks. Clean
up of spent abrasive and associated  debris 1is performed on a
continuing basis. Upon completion of a blasting operation, £front
loaders and shovels are brought in to collect the wastes into piles
and then load them into containers. This operation may occur several
times during a single docking depending on the scheduling of abrasive
blasting.  Following the use of front loaders and shovels, 1laborers
use push brooms to sweep the docks. Just before undocking, the front
loaders, shovels, and brooms are returned to the drydock floor " for a
final comprehensive clean up. On occasion, remaining wastes are hosed
to the drainage system. The drainage system and the flooding tunnel
are shovelled out on an as-required basis, but not necessarily prior
to each undocking. Scupper boxes and hoses are attached to the vessel
in drydock to direct cooling waters to drains discharging to the
harbor. Hydrostatic 1leakage water and water from internal tank
blasting units flow across the drydock floor to overboard drains where
they are pumped to the harbor.

Shipyard E has one graving dock. The clean up at Shipyard E begins’
with front loaders and shovels. The shovellers accompany the front
loaders in addition to cleaning those areas the front loaders cannot
reach or cannot clean effectively, such as at corners and surfaces or
- between bilge blocks. Wastes are consolidated into piles before being
loaded into containers. A mechanical sweeper follows the front
loaders and shovels. The sweeper works like the sweeper at Shipyard
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C. If these procedures do not result in a satisfactory floor
condition, shovels and push brooms are used to complete the job.
Flooding ports in the dock floor are shovelled out prior to each
undocking. The flooding tunnel is' inspected and shovelled out Aif
necessary. Stairways are swept manually, as are the utility dugouts
€ and the altar. Areas adjacent to the dock are cleaned by . a small,
mobile, mechanical sweeper +the size o0f a small front loader. No
hosing of abrasive is performed at Shipyard E during the clean up
prior to undocking. Clean up of abrasive and debris occurs for each
ship at the end of its stay in the drydock, not on an ongoing basis as
is the practice at Shipyard D. Scupper boxes and hoses are attached
to the vessel after drydocking to direct cooling water discharges to
drains to the harbor. The graving dock was dry with no evidence of
hydrostatic relief or 1leakage water in the dock during the visit to
this shipyard. ; e ‘
All of the shipyards described up to this point service primarily
saltwater ships which require high levels of abrasive blasting. Some
shipyards service only freshwater ships. Clean-up procedures and
technologies at these yards are correspondingly different.

Shipyard F has two graving docks and services vessels that sail in
fresh (inland) waters. This facility does very 1little abrasive
blasting. Ships at this yard receive no abrasive blast treatment at
all to remove paints. Shipyard F has no mechanized equipment for the
removal of spent abrasive and other. granular debris. It performs no
clean up of such materials prior to undocking. lLarge debris is picked
up manually. After flooding, undocking, and the subsequent
deflooding, material accumulated on the drydock flcor (which at this
point includes silt and other debris which entered during flooding) is
hosed to the drainage trenches. Hosing of the dock floor is carried
out in order to maintain c¢lean working conditions and to improve
productivity. Therefore, the clean up is not always complete,
especially at the ends of the dock, near the drainage trenches and
away from working or dock entry areas. Little hosing is done on minor
accumulations around the keel blocks or bilge blocks if no - block
movement is necessary. Periodically (every few months), the trenches.
£ill and require cleaning. All drainage water from the graving docks
is pumped into a sluice. A floating box containing an absorbent -for
oil and grease completely blocks the discharge end of the sluice.
Water can flow under (the box extends only a short distance below the
surface) and through the box, but floating oil and grease are removed
by the absorbent.

All vessels are evacuated and shut down during drydocking;
consequently, little or no water of any type is discharged to the
graving docks during the servicing period. Caisson 1leaks and
hydrostatic relief or leakage waters are collected in trenches and
pumped through the sluice to the harbor.
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Shipyard G has two floating drydocks. During ship repair on one of
the  floating drydocks (a £flush deck dock), spent abrasive is.
consolidated into piles using front loaders and shovels. The piles
- are loaded into containers for disposal.. This activity begins soon
" after abrasive blast operations have ended regardless of the remaining
period for the ship to be in dock. Shipyard G does more abrasive
blasting than Shipyard F, but rarely at levels comparable to the
saltwater shipyards A, B, C, D, and E. Normally, the crew does not
remain on board during drydocking at Shipyard Ge. Since shipboard
services are shut down there are no cooling water discharges. -On the
second floating drydock (having bilge block slides on deck), spent
paint and abrasive is cleaned up only when accumulations interfere
with vessel repair operations or cause safety hazards. This .occurs
about twice a year. The vessel is evacuated during drydocklng,
consequently, there are no discharges from the shlp.

CONTROL AND TREATMENT OF WASTEWATER FLOWS

" In addition to clean up of solid wastes from the drydock floor,
efforts to control and treat wastewater flows are being undertaken at
many facilities. In the dewatered graving dock there are two streams
of wastewater during ship repair operations: (1) cooling and process
wastewater discharges, and ({2) flows from wvarious sources such as
caisson leaks, hydrostatic relief or 1leakage, and industrial or

process wastewater. Floating drydocks also have these wastewaters,
with . the exception of caisson and hydrostatic leaks. Process

wastewaters include discharges from air scrubbers, wet grit blasting,
and tank and bilge cleaning. Tank and bilge cleaning wastes are oil
and water mixtures. A collection and holding tank system, usually the
Wheeler (TM) type, is used to remove and separate this waste. Other
wastewaters may be directed by hoses or allowed to flow across the
floor into the graving dock drainage system, or directly to -ambient
waters from floating drydock pontoon decks. Miscellaneous water flows
come from such sources as hydrostatic relief, non-contact cooling
discharges, gate leakage, and pipe and fitting leakage. Existing dock
drainage system designs allow process wastewaters to mix with other
wastewater. They may contact solid wastes on the deck or in the .
. trench before being discharged into ambient waters. S

The volume of wastewater discharged from a ship in drydock may depend
upon the point in <the docking cycle. As shipboard equipment which
uses water is being shut down following docking, the volume of
discharge decreases. The continuing volume of discharge from the ship
will depend upon the size of the crew remaining on board while in
drydock. Some ship operators, such as the U.S. Navy, keep most of the
operating crew on board even when +the ship is drydocked for an
extended period. This practice generates considerable volumes of
wastewater. Other operators may shut down all equipment and remove
the entire crew even for short drydocking periods. '
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Aanother factor bearing on the volume of water passing through a .
drydock is the effectiveness and level of maintenance effort applied
by shipyard facility personnel to the many fittings and valves in the
drydock potable and nonpotable water systems. Industrial water usage
is minimal and higher flows occur only if wet abrasive blasting, water
5 cone Dblasting, or hydroblasting is used. The use of hoses for clean
up also contributes to wastewater volume. . Drydock industrial waters
are sometimes controlled by channels, sills, and drainage trenches.
Some graving docks have arrangements for intercepting flows and
conducting the water to drainage systems. This reduces contact of
gate leakage and hydrostatic relief water solids on the drydock floor.
Floating drydocks, on the other hand, generally lack arrangements for
the containment of flows, and have no hydrostatic or gate leakage.

Graving dock drainage system designs vary widely but all involve
networks of gutters, trenches, and/or culverts which serve to collect
the heavier settleable solids transported in industrial wastewater
flows. Unless promptly removed this debris may come in contact with
water flows. To protect drainage pumps from excessive wear or damage,
some drainage systems are designed with settling basins or sand traps
to intercept and settle even the 1lighter particles. This removes
transported particles from the discharge flow but may increase contact
of water with solid wastes. Some of these settling locations, such as
shallow transverse and longitudinal gutters in the drydock floor are
relatively easy to clean out. ILarge longitudinal drainage culverts
under the walls of graving docks can be extremely difficult to clean.

TREATMENT AND CONTROL TECHNOLOGIES UNDER DEVELOPMENT OR NOT IN COMMON
USE _ -

Many technologies are being developed that potentially can reduce
solid waste, expedite clean up and control wastewater flows. In the
section on "Control or Clean Up of Abrasive Through Access In Clean Up
Operations® these technologies are discussed. The second half of Table
VII-1l has summarized these developmental projects.

Control or Clean Up of Abrasive

High-suction vacuum grit removal equipment, such as the Vacu-Veyor
(TM) unit, is used extensively to .collect and remove debris from
blasting operations in the ship's interior.  Occasionally, however,
the situation accommodates placing a container directly beneath an
access hole cut' through the ship's side, to collect the debris
directly. Several existing kinds of equipment, 'not originally
designed for drydock wuse, are being evaluated and modified +to
facilitate the removal of spent abrasive and debris. Vacu-Veyor (TM)
units are relatively simple devices which are used in removing dry
abrasive and debris from internal tank blasting operations and
occasionally from drydock floors. They suffer, however, from a lack
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of mobility and the airborne  particulate material cannot be
effectively contained when blown into open skip boxes  (Reference 9).
At least one shipyard is attempting to develop this equipment by

¢ enclosing the container and making the unit more easily moveable. Two
other complex, high-suction vacuum machines are being evaluated and
developed by shipyard facilities. They are :the VAC-ALL (TM)
(References 8, 9, & 12) and the VACTOR 700 (TM) {References 6 & 8)
units. Both of these units have demonstrated tremendous capablllty to
move large amounts of grit in a relatively short time but both, in
their present configuration, have many 1limitations for drydock
application. A third type of vacuum equipment being evaluated for use
in removing grit and debris from drydock floors is a low profile self-
propelled device called the ULTRA-VAC (TM) Grit Vacuum. It shows the
most promise for application -in flush floored drydocks and can best
be described as a powerful vacuum cleaner on wheels (References 8, 9,
&€ 12). Until a design evolves from the development of these three
types of vacuum equipment that will meet the needs of the varying
drydock characteristics, most facilities will be forced to resort to
labor intensive, time consuming techniques to remove debris.

Alternatives to conventional dry abrasive blasting include water cone
abrasive blasting, wet abrasive blasting, hydroblasting (steady stream
or cavitation), and closed cycle abrasive blast and recovery. Some of
these techniques have potential for reducing or eliminating the
quantity of so0lids required in blasting but some substitute a water
pollution problem for an air pollution problem. None of these
technologies can completely replace conventional dry abrasive blasting
and all are in various stages of development. Table VII-2 indicates
whiclk shipyards contacted are currently practicing these alternatives.

A variation of the wet grit method of abrasive blasting, called water
cone, water  envelopment, or water ring, is fairly new but rapidly
gaining popularity particularly with increasing use of organotin
antifouling paints on some Navy ships. This process projects a cone
of water around the stream of air and abrasive as it leaves the hose
nozzle. This 1is accomplished by a simple water ring accessory which
fits around any standard blasting hose nozzle. This method has the -
advantages of dry grit blasting with less dust production. It does,
however, add to the volume o0f industrial wastewater and rust
inhibitors, when .added, are present in the wastewaters (References 7
and 9). '

Hydroblasting is a surfacevpreparation—‘method used when extensive,
heavy abrading is not a requirement. In one technique a cavitating
water jet is used as the abrading material. As explained in Reference
13:
"The basic concept simply consists of inducing the growth of
vapor-filled cavities within a relatively low velocity 1liquid
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jet. By proper adjustment of the distance between the nozzle and
the surface to ke fragmented, these cavities are permitted to
grow from +the point of formation, and then to collapse on that
£ surface in the high pressure stagnation region where the Jjet
impacts the so0lid material. Because the collapse energy is
concentrated over many, very small areas at collapse, extremely
high, very localized stresses are prodaced. This local
amplification of pressure provides the cavitating water jet with
a great advantage over a steady non-cavitating jet operating at
the same pump pressure and flow rate.®

T
W

considerable success in laboratory experiments is claimed for the
CAVIJET (TM) method but results of field evaluatlon are not available.
Several versions of closed-cycle vacuum abra51ve blasting equipment
are undergoing engineering development and operational evaluation at
various shipyard facilities. They all operate on the principle of
automatically recovering and reusing abrasives. Abraded coatings and
fouling are sometimes separated and contained for land disposal. The
machines, when operating as designed, are expected to eliminate both
air and water pollution problems resulting from dust emissions and
from solid wastes entering the drydock drainage system. If steel shot
is used as the abrasive and is recovered, the solid waste 1load is
reduced many times. Steel shot retains its cutting power even after
repeated reuse. The closed-cycle blaster has limits however. These
machines will not completely supplant other surface preparation
techniques since they are large, heavy, and require considerable space
for maneuvering. In addition, they are not designed to function on
other <than nearly flat or gently curving surfaces. More detailed
information regarding come of these machines is provided in technical
references to this document, particularly those prepared by or for the:
U.S. Navy.

Control of Wastewater Flow AR

The control and treatment of wastewater flows is critically tied to
the segregation of wastewater streams. This philosophy is best
expressed in a quote from Reference 6: -

"The key to cessation of unnecessary liquid waste generation...is
seen as segregation of wastes as completely as possible and
reasonable. Unpolluted waters should .- be segregated from
contaminated solid wastes and vice versa.

An appropriate system to collect and convey liquid waste must be
capable of maintaining segregation until contaminated wastes are
removed from the drydock and unpolluted wastes are properly
discharged to harbor receiving waters.®
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This report proceeds with definitions of systems and techniques to
segregate, collect, and transfer contaminated and uncontaminated
wastewater streams (and materials X causing contamination) to
environmentally acceptable treatment systems.

A similar philosophy of approach was reported in Reference 1t:

"aA practical solution to eliminate the large volume of polluted
wastewater discharge into.the harbor would be segregatien of
clean water flows from both spent abrasive and any already
polluted wastewaters. This -is the basis for the following

- recommendations. Wastewaters can be divided into three streams.
The first stream, comprised of hydrostatic water, ships' cooling
water, and miscellaneous = other equipment cooling water.
discharges, could be collected in what will be henceforth called
the clean water conduit. These unpolluted waters could be
discharged directly into the harbor' without <treatment. The
second stream, comprised of drydock sanitary wastewater and
ships! non-oily wastewater, could be collected in a sanitary
sewer and pumped to a municipal sewage treatment plant. The
third stream, comprising all other wastewater discharges
including ships!? 0ily wastewater, dock floor wash water,
miscellaneous equipment washings, spills, sewer leaks, rain, and
clean water which accidentally contacts the dock floor, could be
collected in an industrial wastewater sewer and pumped to an
industrial wastewater treatment facility."

The facility that served as a model for these two studies is planning
the implementation of the recommended improvements.

Segregation of water flows 1is accomplished by physical isolation.

- Collection can be through either or both in-floor and above-floor
plumbing systems. For example, above-floor systems can be fabricated
from PVC piping and attached adjacent to keel blocks.

Treatment of Wastewater Flows

Innovative controls will be installed at one shipyard in its graving
docks hraving large transverse +trenches or c¢ross drains near the
outboard or drain end. Involved is an arrangement of baffles in the
cross drain as a means of minimizing +the discharge of settleable
solids and floating material. The baffles will be installed so as to
use the cross drain as a settling pond. A baffle acts as a dam to
establish a water level and hence a retention time for settleable
solids to separate. Water flowing over the top of this baffle will go
directly to the drainage pump. Upstream of this overflow dam, a
second baffle will be installed to form an underflow dam for holding
floating debris, o0il, or other substances for collection. and .removal
prior to flooding the drydock. Both baffles will be removable, and

97

NWMAR117059




provisions will be made to drain off the water held behind them.
Settleable solids contained within the cross trench will be removed
for land disposal. The baffles will be installed after the ship is
secure in the dock and the initial dewatering has been completed. The
installation will not minimize the contact of solids with water
streams, but is expected to reduce the potential of solids transport.
At one facility (Shipyard F), graving dock discharges, other than
dewatering, are directed through a flume prior to emission to the
adjacent river. Across this flume, near the discharge end, a floating
box~-like structure is placed in the flume after dewatering. The box-
like structure holds a screen across the surface of the flow to
prevent floating trash and debris from entering ambient waters. It is
filled with absorbent material which removes- 0il and grease from the
discharge flow. The absorbent material is replaced as needed.

Access In Clean-Up Operations

Two items of drydock design make efforts to clean up industrial
wastes, such as abrasive blasting debris, more difficult and costly.
They are the height of keel blocks and the existence of raised slides
across the floor (or pontoon deck) for movement of bilge blocks.

Almost all existing drydocks have keel block heights of 3-1/72 to 6
feet. Older docks tend to have smaller keel blocks. With short keel
blocks the working space between the drydock deck and ship bottom is
too restricted for men using shovels and brooms to effectively clean
up blasting debris and for using mechanized techniques currently
available. This situation 1is most severe when the ship has a wide
beam and a flat bottom. At least one new graving dock, currently
under construction, will have 10-foot high keel blocks.

Graving dJdocks and floating drydocks which have bilge block slides
present a particularly severe problem to clean-up activities.

These solids establish corners and crevices from which fine debris is
difficult to remove. They interfere with the movement of wheeled
equipment and increase maintenance costs of the equipment used to
clean up blasting debris (such as small front loaders). The
positioning of these tracks across the flow direction of launch waterx
may be beneficial, however, in acting as a submerged weir or dam,
trapping sediment that would otherwise wash awaye.

NON-WATER QUALITY ENVIRONMENTAL ASPECTS

The control and treatment technologies described in this section are
designed to improve the water quality of drydock discharges. However,
some of these technologies also impact, eithexr favorably or

98

NWMAR117060




unfavorably, on other environmental concerns, particularly air
pollution and solid waste. This subsection addresses those impacts.

Air Pollution Several control technologies provide alternatives to
conventional dry abrasive blasting. These alternatives include wet
abrasive blasting, hydroblasting wusing either steady stream or
cavitation, water cone abrasive blasting, closed cycle abrasive blast
and recovery equipment, and chemical stripping. Comparison of these
alternatives must include many considerations among which are the
desirability and thoroughness of surface preparation, speed of
application, labor costs, equipment modifications, capital required,
occupational health and safety, and effects of possible contamination
of water flows. However, all of +the alternatives are extremely
effective in. the reduction or elimination -of one of the most
detrimental aspects associated with dry abra51ve blasting, namely . the
production of airborne particulates.

Upon impact, abrasive particles fracture. The larger fragments fall
to the drydock floor or occasionally to adjacent land or water areas.
Smaller fragments, however, become airborne or suspended, along with
some particles released from the blasted surface. Depending on the
wind, they may travel appreciable distances. Shifting to harder blast
media reduces these effects only slightly.

Most of the technologies listed above have been developed more as air
pollution control measures than water pollution control measures.
Closed-cycle abrasive blast and recovery equipment uses a vacuum to
pull blast particles from the air as they are released. This
equipment (of which there are several types in various stages of
development) is not totally successful in the recovery of  blast
particles; however, +the characteristic plume of dust emanating from
dry abrasive blasting 1is eliminated and +the 1level of airborne
particulates and suspended solids  1is drastically reduced. Wet
abrasive blasting and water cone abrasive blasting prevent the
production of airborne particles by wetting blast fragments. The
moisture-laden fragments then fall to the drydock floor or drip down
the structure being blasted. Wet abrasive blasting is a particularly
effective means of improving air quality in Dblasting. Water cone
abrasive blasting, though not as effective, still reduces the air
pollution problem to a local one involving only the blast nozzle
operator and those in the immediate vicinity. Hydroblasting preempts
the problem of abrasive fragmentation by eliminating the source, i.e.,
the abrasive. Only partlcles from the surface being blasted must be
contended with and in hydroblasting, these particles are wet, causing
virtually all to drop. Chemical stripping completely eliminates -
airborne particulates since it involves no blasting. Chemicals are
brushed on, allowed to work, then scraped off manually. Because slow,
labor-intensive methods are required, chemical stripping is used very
little. This technology trades off particulate emission for
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hydrocarbons and other chemical vapors caused by its high volatility.
Closed-cycle blasters under development which usie steel shot show
promise of eliminating essentially all air and water pollution from
blasting operations.

Vacuum material handling equipment can be a source of particulate
emission where open collection containers are used. The magnitude of
this emission depends on the geometry of the collection system, the
volume and rate of material being moved, and the material composition,
particularly its moisture content and particle weight. Vacuum
equipment is ordinarily diesel powered and thereby contributes
hydrocarbons, nitrogen oxides, carbon monoxide, and other emissions
associated with diesel engine combustion. Mobile units have greater
fossil fuel energy requirements than stationary unlt, and thus produce
higher levels of air pollution.

A number of the control technologies similarly affect air quality
through requirements for power from 1local combustion equipment.
Mobile sweepers and front loaders are examples. Pumping equipment on
mobile floating drydocks are usually diesel powered, so that drydock
design changes which result in the installation of pumping equipment
may add to air emissions. Such design changes include modifying
floating drydock pontoons for use as settling tanks, adding filtration
equipment or extensive new piping, and other efforts to segregate
wastewater flows which require additional pumping. - Air emissions may
not increase if the pumping requirements are split without increasing
input energy requirements. Hydroblasting, by awvoiding air as a
propellant, reduces air emissions from local air compressor stations.
This reduction occurs at the expense of emissions from the alternate
compression source. The practice of shutting down shipboard equipment
while in drydock also reduces air emissions, in this case, from fossil
fueled equipment on board.

Solid Waste

Conventional dry abrasive blasting creates appreciable accumulations
of so0lid waste. Where it 1is applicable, closed-cycle blast and
recovery eqguipment can dgreatly reduce the ‘quantity of abrasive
required and alleviate the clean up of spent paint and abrasive.
Disposal of the material, whether from open or closed-cycle blasting
is required. Generally, solid wastes will be transported by a
contractor to landfill disposal sites. Though the degree to which the
wastes are potentially harmful has not been assessed, several
considerations appear warranted. In order to ensure long-term
protection of the environment from potentially harmful constituents,
special considerations of disposal sites should be made. Landfill
sites should be selected which prevent horizontal and vertical
migration of constituents to ground or surface waters. In cases where
geologic conditions are not suitable adequate mechanical precautions
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(e.g., 1impervious 1liners) may be required to ensure long-term
protection of the environment. A program of routine periodic sampling
and analysis of 1leachates may be advisable. Where appropriate, the
location of solid hazardous materials disposal sites, if any, should
be permanently recorded in the appropriate office of legal
jurisdiction. :

Of particular concern is the disposal of the new organotin -wastes.
These toxic compounds which are sometimes used in antifouling paints
may be present in the spent paint, as well as originating from paint
spills and overspray. Currently the Navy, for example, requires that
these wastes be sealed in drums and shipped to a properly managed
landfill. These precautions are taken to prevent runoff, seepage, and
possibly leaching of organotin compounds.

" Other Environmental Aspects

In addition to air pollution and solid waste, some of the water
control and treatment technologies exhibit minor effects in other
environmental areas. The shut down of shipboard services reduces
cooling water discharges and consequent thermal pollution. Noise is
also reduced. Alternative technologies to dry abrasive blasting which
do not employ air as a propellant (hydroblasting and wet abrasive
blasting) reduce the load on shore-based air compressors and less heat
is added to the water. Thermal discharges from this source are thus
reduced. Vacuum material handling equipment and other engine-driven
equipment (closed cycle abrasive blast and recovery equipment, mobile
-sweepers, front loaders, etc.) add to the general noise level in the
drydocks. , -

NWMAR11 7063



NWMAR117064



SECTION VIII

COST OF TREATMENT AND CONTROL TECHNOLOGY

INTRODUCTION

The economics of currently applied treatment and control technology -
were obtained during shipyard v131ts. The technologies, as listed in
Section VII, include:

o Technologies for the clean up of abrasive

o Alternatives to convéntional dry abrasive blasting

o Controlhtechnologieé for wastewater flows excluding sewage
o Treatment technologies for wastewater flows excluding sewage

The costs of clean-up and best management practices were developed
from information obtained during wvisits to shipyards A through G.
These represent a composite of costs for these seven facilities, and
are not -specific to any one of them. This information was obtained
during the period March tbrough May of 1976 and has not been adjusted
for inflation occurring since that period.

‘The reported and observed application of these technologies appears in
Table VII-2. Clean up of abrasive is practiced at each of the
shipyards visited and has been for many years. Much cost information
is available concerning technology for the clean up of abrasive. With
the exception of scupper boxes and piping, and design features for the
control of gate 1leakage and hydrostatic relief water, the other
treatment and control technologies have found little application among
the shipyards visited. Many of these technologies are in the
planning, research, or experimental stages of development and could
not be evaluated with respect to economics since actual cost data
(particularly operation and maintenance costs) are unavailable. The
cost data applies to current technologies for the clean up of abrasive
as reported and observed during the shipyard visit program.
Developmental methods are not considered. _ _
Throughout the history of conventional dry abrasive blasting, it has
been necessary for shipyards which use appreciable amounts of abrasive
in their docks to clean it up periodically solely to continue in
business. Abrasive on the drydock floor can adversely affect working
conditions and productivity. It can hamper the placement and movement
of Lkilge blocks. It hampers the movement of mechanized equipment.
Consequently, shipyards have performed perlodlc clean up of abrasive
from +the drydock floor. However, in 1974, the EPA, through its
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National Field Investigations Center in Denver, Colorado, recommended
that shipyards increase their efforts to prevent wastewaters from
contacting abrasive on the drydock floor and to clean up to "broom
clean! conditions prior to flooding or sinking.

Response to EPA's recommendations has been mixed. It is very
difficult to segregate clean-up costs for environmental purposes at
these shipyards and those costs which would have been incurred during
the normal course of business. The estimated costs developed here
reflect stepped up efforts +to reduce effluent discharges to nearby
water bodies. But no effort is made to isolate the cost of these
stepped up efforts. Costs presented later in this section are total
costs of clean-up operations as currently performed. '

The cost data include capital, labor, operating, and maintenance costs
incurred directly during clean-up operations. Certain indirect costs
could not be estimated accurately and are not included. A thorough
clean up of drydock floor space, trenches, tunnels, and altars can
lead to increased drydock time per ship. If such time is allowed for
in contract arrangements with shipowners, busy shipyard operators may
find that they cannot service as many ships per year and must
‘correspondingly suffer a drop in revenue. If increased time for
clean-up activities is not allowed for, the shipyard is faced with the
loss in revenue or additional charges to the ship owner. Frequently
at shipyards in this position, complete clean up prior to flooding is
not performed. Either way, time delays create dissatisfied customers,
and can harm shipyard reputations and good will as well as current and
future business prospects. These are important considerations which
can produce hidden costs not recognized as clean-up related.

On the other hand, the clean up of abrasive prior to flooding may
provide some economic benefits. When abrasive blasting has been
particularly heavy, collection of the abrasive may be required to
profitably carry out repair operations on a vessel. Thus, increased
clean-up efforts may provide benefits as well as increase costs.
However, this section does not present a cost/benefit analysis of the
operation. Only those costs are 1ncluded that directly result from
the clean-up methods discussed.

IDENTIFICATION OF METHODOLOGY CURRENTLY USED IN BEST MANAGEMENT
PRACTICES

Best Management Practices, previously defined, are directed toward
clean up within the dock working area and control of water and
wastewater flows into and out of the dock. Wide differences are found
between facilities and conditions in facilities, and as a result of
these differences, Best Management as practiced at one dock may be
either inadequate or unnecessarily extensive 1f applied to another
dock.
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Any attempt to define a total cost of Best Management and to apply
this to specific facilities is misleading because of the differences
encountered. A preferred approach to defining cost is to evaluate
costs of individual operations, which can be applied in Best
Management Practices, and normalize these to a standard application
time, or extent. From such data the costs of Best Management can then
be synthesized for individual docks depending wupon the specific
operations of Best Management required and the time or extent of these
operations. This approach admittedly will not permit an exact
definition of costs because the components going into the values will
not account for variations between facilities, for example labor
rates. However, it will be possible to compare the costs attributed
to different degrees of Best Management Practices for any given
facility and to determine combinations of operations which may achieve
equlvalent results at reduced expenditures.

Oonly costs assoc1ated with routine clean-up operations of Best
Management Practices are considered here. Costs resulting from events
such as o0il and paint spills are not due to normal operations and are
not incurred on a regular basis. The operations <considered, in
principal, can be applied in any facility but all would not
necessarily be applied at any given facility.

The cost of segregation and control of water and wastewater flows is

not addressed. Most such efforts require structural modifications to

the facility. This aspect of Best Management Practices is dock
specific. Differences in facility ages, construction, size and -
configuration, and geologic and meteorologic conditions prohibit any

"valid effort to generalize with respect to costs of modifications
needed to achieve water and wastewater segregation and control.

Clean-up operations for which costs are estimated here include both
mechanical and manual techniques. Mechanical operations use front
loaders, sweepers, backhoes, vacuum equipment, and closed cycle
blasting. Worker use of shovels, brooms, and hoses are manual
operations and in some cases are needed in combination with mechanical
methods.

UNIT CCSTS OF BEST MANAGEMENT PRACTICES

The elements of cost which combine to make up the costs associated
with Best Management Practices include capital investment and
depreciation, operating and maintenance costs for equipment, labor
costs {(with overhead), and contract costs where contractual
arrangements are made. When equipment is used for multiple purposes,
only one of which relates to the clean-up operations, the cost
attributed to management practices must ke prorated on the basis of
the fractional time so used.
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The approach used in this section has been o define the costs
associated with methodologies used for clean up. These costs have
been normalized +to0 one eightéhour shift. For comparing various
techniques which may be used in an existing facility, the unit costs
¢ per shift will be multiplied by the number of shifts requlred for the
cleanup cycle. :

Clean-up techniques and methodologies included in th?z breakdown
involve use of front loader, mechanical sweeper, vacuum equipment, and

backhoe operations. [Labor costs for support of these operations, as

opposed to the direct operation costs, are separately identified and

in most instances represent manual operations when considered alone.

Disposal costs are estimated on the basis of unit volume.

Table VIII-1l summarizes the clean-up methodologies which may be used
to implement Best Management Practices. The applicability of each
method is shown. Where the cost of equipment or method varied due to
the presence of raised bilge block slides, two entries have been made
to allow for this effect. This has been done because of the higher
maintenance costs and 1life of mechanical equipment subjected to
operation over raised bilge block slides. Under these conditions,
depreciation over a three year period is used as opposed to eight
years for service in a dock having a smooth floor.

Table VIII-2 shows an estimated cost of solid waste removal from
shipyards.
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69021 LAVINMN

L01

Pabrles -0,

Large Fronl foader

LHEP COSTE OF SELECTED OFERATTORS WG
MAY BE USED IN BEST MAMAGEMENT PRACYTCES

Small Front loader Mechanical Sweepexs

Smooth

Ratsed Bilge
bock Floor Block Slides Dogk Floor Block Slides

Smooth Rainad Bilge

Supporting

Capital

Eoui poient Cost $15,000 §1%,000
Depteeiation eriod, Yru 1 J
Annual beproeciation $ 1,875 $ 5,000
Dupreciation Chargeable
to one B8 hr shift $ 1.71 $ 4.57
Operating Labor
Skill Level Operator Operator
Number of Operators ) 1
Hourly Rate with
verhead $11.80 $11.80
Cost per 0 hr shift $94.40 $94.40
Operating and Maintenance
Cost
hnnual Maintenance §$ 1,500 $ 3,000
Maintenance Chargeable
to one 8 hr shift § 1.37 $ 2.7
Fuel, Oil, etc. per
8 hr shift $20.00 $20.00
Cost of Operation $117.48/ $121.71/
Shift Shift

Puxpose of Lperation ‘ Cleanup of bebris

Additional Support
Services Required, Cranc Crane
Not Included in
Cost of Operation

Shovellers, Shovellers,

k51 i hiarge " Small Nackhoe  Crane Qperations
$8,000 8,000 $15%,000 $3,000 §15,000 NA
] i, 0 ] 8- NA
$1,000 $2,667 $ 4,375 $ 3715 $ 1,075 NA
$0.91 $2.44 $4.00 $0.34 § 1.71 NA
Operator Operator Operator Operator Operator Operator Rigger
1 1 1 1 1 2
$11.00 $11.80 >$11.00 $11.00 $11.80 $ 17.00 § 10.0
$94.40 $94.40 $94.40 $94.40 $94.40 $136.00 $160.00
$ 800 $ 1,600 $ 5,250 $ 600 . $ 2,250 NA
$ 0.73 $ 1.46 $ 4.79 $ 0.55 $ 2,05 NA
$13.00 $13.00 $26.00 $13.00 $13.00 NA
$109.04/ $111.30/ $129.19/ $108.29/ $37.00/hr
Shift Shift Shift shift $111.16
Cleanup of Debris Cleanup of Spent Clecanup Move Equipment
Paint and of Debris and Containers
Abrasive from
brainage
Trenches
- Shovellers, Shovellers, Crane Crane Crane NA

Crane Crana

Operating Labor Costs

Skill Level

Number of Opecators

Hourly Rate with
Overhead

Cost per B hr shift

Cost of Operation

" Purpose of Operation

Note: (1) NA - Not Applicable

‘Manual Support Operxations

Tunnel Cleanout.

Shoveling Sweeping flosing Preparation Clecanout
Shovelers Sweecpers Nozzle men Assistants Electrical/Mechanical Shovelers
.1 : 2 4 5
$8.90 $8.90 -$0.90 $9.90 $9.00 ©$8.90
$71.20 $71.20 $142.40 $142.40 $208.00 >5356.00
$71.20/ $71.20/ $284.80/Shift $200.00/Shift $356.00/
Shift Shilt - - : Lhift

Cleanup of Speat Paint and Abrasive
from bock Floor

(2) Cost data as of March to May, 1976

f.ighting and Ventila- Cleanout.of

tion in Tunnels Accumulated
: Debrig from

Tunnel




Table VIIXI-2.

REMOVED FROM DOCKS

COST OF DISPOSAL OF SOLID WASTE

(INCLUDES HAULING AND LANDF]LL FEES)

Total Cost

Tons of _
Debris Volume Number of . $ per
Per ship Cubic Yds Containers Clean Up
Light
Blasting 200 128 8 1,000
Heavy 1,350 862 53 6,625
Notes:
1. Cost Data as of March to May, 1976.
2. Bulk Density assumed 116 l1lb/cu ft.
3. Standard container has 16.4 cubic yard volume.
4, Cost per standard container is $125 for removal

and disposal.

In using the costs presented in Tables VIII-1l and VIII-2 -the
operations required for best management techniques can be synthesized.
Where mechanical equipment has been defined, only the cost of
operating the equipment is included. Additional costs resulting from
the need for shovellers to work in conjunction with front loaders (ox
for crane operation to move machinery and collected debris to and from
the dock) must be added to define total cost of each operation.
Finally, these costs are approximate and do not reflect regional
variations, and are based on costs prevailing during the conduct of
this study in 1976. . :

ENVIRONMENTAL COSTS}&
Regardless of other considerations clean up of graving docks and
‘1oating drydocks must be performed at some time simply to permit the
repair and maintenance operations to be carried out. Some facilities
may find frequent clean up a necessary part of their total work
effort, while others may routinely go for long time periods between
clean up. Cost of clean up performed as normal maintenance cannot be *
considered environmental charges.

COSTS ATTRIBUTED TO BEST MANAGEMENT PRACTICES VS.

S ngm
P

Likewise, the cost of implementing a formal Best Management Practices
program cannot be charged entirely to environmental restrictions.
Such a program would be directed toward the management objectives, and
these are primarily for operational purposes. It is possible that an
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actual cost benefit may ke realized as a result of a formal program to
remove wastes at regular times, but a detailed cost analysis would be
necessary to demonstrate the actual effect.

< Only two operations have been identified which, in some instances, may
represent environmental costs: (1) implementation of a management
program reguiring clean up at a frequency in great excess of that
necessary to achieve Best Management Practices, (2) costs incurred as
a result of special solids disposal methods required solely for
environmental protection.

In the first of these, only such costs resulting from the excess
practices imposed could be related to environmental concern. In the
' more probable case such a program would be adopted at -the discretion
of the facility management. Oonly where 1local regulations may be
stringent enough to force this type of program could part of it be
attributed to protecting the environment. :

The second example 1is more clear cut. In general contractual
arrangements are in force for ultimate disposal of abrasive blasting
debris. This material most frequently is landfilled. Many landfills
are requlated to prevent contamination of ground and surface waters by
the materials disposed of in them. Some are not. It may be necessary,
in certain cases, to alter disposal practices by changing to certified
land fills in order to prevent potential damage to groundwater by
leaching constituents from abrasive blasting debris. In -particular,
the disposal of organotin-based debris has been controlled by Naval -
policies which require that . it be sealed in steel Adrums. Costs
resulting from these practlces may be considered environmentally
incurred. -

In summary, shipyards which are currently operating under Best
Management Practices programs probably will experience no adverse
effects in terms of excessive costs or reduced operations. Where
increased effort is necessary by other shipyards to achieve Best
Management Practices, minor effects may be noted.
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SECTION XTI
GLOSSARY
Anticorrosive paints - the initial layer (s) of paint on a Shlp's hull.
The purpose of these paints is to prevent rustlng.
Antifouling paints - the final layer(s) of paint applied to a ship's
hull. They inhibit the growth of marine organisms on a ship's

hull.

Bare Metal - hull metal that has had all paint and marine organisms
abraded in preparation for repainting.

Building Easins - a graving dock used solely for ship construction.

Bilge water - water and oil that collects in the lower hull.

Biige blocké - side blocks placed on the drydock floor. They are
located according to the dimensions specific to a particular ship

and help stabilize and support the drydocked ship.

Rilge block slides - raised 1lateral +tracks built into many older
docks, used to move and position bilge blocks.

Broomed clean - see "Scraped or Broomed cleant.

Closed cycle blaster - a type of akrasive blaster that reuses
abrasive, usually steel shot, and often collects removed paint
and marine organisms.

Cooling water - non-potable water used for shipboard purposes such as
air-conditioning and condenser cooling during the drydocked
period. : -

Deflooding - the pumping out of the flooded (filled) drydocks.

Dewatering - see deflooding.

Dock leakage - hydrostatic relief water, gate seepage, and other water
leakage other than ship originating wastes that leak into the
dock floor.

Drainage discharge - the daily effluent from a drydock. This does not
include deflooding water. '

Dregs - silt, grit; or other particles deposited on a dock floor
during dewatering. ‘
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Dry abrasive blasting - a process to remove paint, rust, and marine
organisms from a ship's hull. The abrasive usually a copper slag
or sand, is conveyed in a medium of high pressure air through a
nozzle.

Drydock - either a graving dock or a floating drydock. Also to place
a ship in drydock.

Flap gate - a rigid one piéce gate hanged at the bottom.

Floating - raising of a submerged floating drydock.

Floatlng caisson gate - the most common type of graving dock gate. It
is floatable and can be moved to permit, entry and departure of
the ship.

Floating drydock - a submersible moveable platform to enable repairs
and maintenance of ships out of water.

Flooded dock - the filled dock following flooding.

Flooding - the filling of a graving dock with water to permit entry or
departure of a ship.

Flush deck construction - a flat dock floor not having pefmanent bilge
block slides.

Fresh grit - unused abrasive.

Front loaders - a type of machinery, similar to a bull dozer used to
scrap collect and transfer spent paint, grit and marine organisms
that collect on the dock floor during blasting.

Gate - the closure that separates a graving dock from the harbor. It
is removed to permit entry and departure of the ship.

Graving dock - a dry basin, below water level that is used .for repair
and maintenance of ships.

Grit - abrasive.

Hydroblasting - the use of a high pressure water stream to remove
paint, rust, and marine organisms from a ship's hull.

Hydrostatic relief - the water that leaks into a dock through holes «

and cracks in the floors and walls of a graving dock. This
equilibrates groundwater pressure.
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Keel blocks - blocks p051£10ned on the floor of the dock, fitted to
match the keel surface of the ship. The drydocked ship is
p051tloned on the blocks. ‘

Launch water - the water 1n a flooded graving dock

Manual clean up - use of shovels, brooms, and other: equlpment which is
not power operated to clean the dock floor.

Mechanical clean up - use of machinery, such as front end 1loaders,
mechanical sweepers, or vacuum cleaners to clean the dock floor.

Miter gate - a pair of gate léave5¢ hinged at the dock walls which

'swing open to allow passage of a ship into. and from a graving
dock.

Primer - see "anticorrosive paints."
'Sand - often used to describe any dry abrasive.
Sand blast - dry abrasive blasting.

- 8and sweep - a light dry abrasive blast used to remove only the outer
layers of paint and marine growth from a ships hull.

"Scraped or Broomed Clean" - using shovels, mechanical loaders;
mechanical sweepers, or brooms to remove abrasive blasting
debris. - ‘ :

Scupper boxes - containers used to collect water that runs off a ship

deck.
Shipboard wastes - all -effluent discharges originating from a
drydocked ship. Included are sanitary wastes, bilge water,

cooling water, and cleaning wastes.

Sinking . - flooding of caissons and lowering of floatlng drydock to
permit a ship to be positioned over the dock prior to floatlng of
the dock and docking.

Slurry blasting - see "wet ‘abrasive blasting.™

Soil chutes - flexible hoses, usually made of rubber coated nylon or
canvas used to transfer shipboard wastes from the docked vessel
to the appropriate disposal system.

Spent abrasive - used grit and spent paint, rust, and marine'organisms
that collect on the dock floor during blasting. '
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Stripping - see "drainage discharge."

Wash down - the hosinag down of the dock, and sides of the ship
following docking to remove silt, marine organisms, etc.

Water cone abrasive blasting - a type of blasting that uses a cone of
water to surround the stream of air and abrasive as they 1leave
the nozzle.

Wet abrasive blasting - a process to remove paint, rust, and marine

growth from ship's hulls, in which high pressure water propels an
abrasive.

White metal - see "bare metal.ﬂ
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MULTIPLY (ENGLISH UNITS)

ENGLISH UNIT

acre
acre - feet
British Thermal
Unit
British Thermal
Unit/pound
cubic feet/minute
cubic feet/second
cubic feet
cubic feet
cubic inches
degree Fahrenheit
feet
gallon
gallon/minute
horsepower
inches
inches of mercury
pounds
million gallons/day
mile
pound/square
inch (gauge)
square feet
square inches
ton (short)
yard

TABLE
METRIC TABLE
CONVERSION TABLE

* Actual conversion, not a multiplier

by
ABBREVIATION CONVERSION  ABBREVIATION
ac 0.405 ha
ac ft 1233.5 cum
BTU 0.252 kg cal.
BTU/1b 0.555 kg cal/kg
cfm 0.028 cu m/min
cfs 1.7 cu m/min
cu ft 0.028 cum
cu ft 28.32 1
cu in 16.39 cu cm
°F 0.555(F-32)* eC
ft 0.3048 m
gal 3.785 1
gpm 0.0631 1/sec
hp 0.7457 kw
in 2.54 cm
in Hg 0.03342 atm
1b 0.454 kg
mgd 3,785 cu m/day
mi 1.609 km
psig (0.06805 psig +1)* atm
sq ft ' 0.0929 sq m
sq in 6.452 sqQ cm
ton 0.907 - kkg
yd 0.9144 m
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PREFACE

This report sumarizes the work on Polychlorinated Biphenyls (PCBs) that
Versar performed for the U.S. Environmental Protection Agency under Contract
No. 68-01-3259. Mr. Thomas E. Kopp was the Program Manager for the EPA

throughout the performance of this work, and his patient support is gratefully
acknowledged.

PCBs were first manufactured in camrercial quantities in the U.S. in
1930, and during the next 40 years they were widely used as solvents, resins,
and electrical dielectric liquids. Recognition of their envirommental persis-—
tence and toxicity in the late 1960's eventually led to a ban on the manufac-
ture and use of PCBs in the Toxic Substances Control Act of 1976. This report
summarizes the use of PCBs and much of the early literature on the uses and
toxicity of this material. In addition, the report reviews the regulatory
actions that have been taken to limit the hazards to health and the enviromment
resulting from the accumulation of PCBs in the enviromment and from their con-
tinued use in certain electrical equipment. The report is primarily a summary
of the reports that Versar has prepared in support of the EPA's regulatory
activities involving PCBs.

ii.
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1.0 INTRODUCTION

On June 26, 1975, the U.S. Envirormental Protection Agency awarded
contract no. 68-01-3259 to Versar, Inc. Urder this contract, it was antici-
pated that Versar would be assigned a number of tasks to assess the micro-
econamic impacts of regulatory alternatives which the EPA would consider for
various toxic substances. The first task assigned under this contract required
Versar to review and summarize the existing data on the use of polychlorinated
biphenyls and to identify the industrial segments that might be impacted by
regulations limiting the use of PCBs.

Before this task was completed, PCBs became a major issue within EPA,
ard the scope of the work assigned to Versar was increased as the agency
required additional support. This report summarizes the work that Versar
performed over the next four vears for the EPA under the subject contract and
a follow-on contract that was closely related to this work. All of this work
supported regulatory activities involving PCBs, so the description of the work
performed necessarily includes a history of the use of PCBs, a sumary of
requlatory development, and references to related research and reports.

2.0 POLYCHLORINATED BIPHENYLS

Polychlorinated biphenyls are a group of related compounds formed by the
addition of chlorine to the arcmatic hydrocarbon "biphenyl." The reaction
can be described by the following equation:

H H H H FoCl X X X X
— e aliy R et

H <\ />'<\ /> HinCly ——3 X<\ />‘<\ /> X4nHCl
H H' H H X X X X

WHERE X = nCl, 10-nH

2.1 History of PCB Usage:

PCBs were first synthesized and described in 1881 (Schmidt, 1881).
Camercial production of PCBs did not become possible until after an economical
method was developed during the 1920s for the manufacture of biphenyl from benzene.
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Biphenyls were first produced in commercial quantities in the U. S.

by Swann Research, Inc., of Anniston, Alabama. Shortly after they started
manufacturing biphenyls, Swann Research described the manufacturing process
(Jenkins, 1930) and the properties of the PCBs they were marketing under the
tradename Aroclor (Penning, 1930). The various Aroclors were described as
mixtures of chlorinated diphenyls with a wide range of properties fram a

light oil to a hard resin depending on the degree of chlorination. A number of
camercial applications were suggested, including use in varnish, as a
fireproofing agent for wood, in electrical equipment as a liquid dielectric
and as a camponent of electrical insulation, as an ingredient in adhesives, as
a replacement for Canada Balsam in microscopy, as a substitute for chicle in
chewing gum, and in miscellaneous uses including printing inks and textile
finishing (Penning 1930). A separate technical article described the compati-
bility of PCBs in nitrocellulose lacquer resins (Jenkins, 1931). The first
major use of PCBs was apparently as a liquid dielectric in capacitors manu-
factured by General Electric Co. starting in 1930 (Clark, 1962). General
Electric also developed the use of PCBs in other electrical applications as
described in articles published during the 1930s (Clark, 1934; Clark, 1937).

PCBs were manufactured at the Anniston, Alabama, plant by Swann Research,
Inc. and its corporate successor, Monsanto Chemicals Co., until the plant was
shut down in 1971. Monsanto also manufactured PCBs at its plant at Sauget,
Illinois, until 1977. The only other known U. S. manufacturer of PXBs was
Geneva Industries of Houston, Texas, which manufactured PCBs for heat transfer
applications from 1972 through 1974.

Most of the applications of PCBs that had been suggested in 1930 proved
to be successful. PCBs were used as heat transfer liquids in critical appli-
cations such as food processing (Smith, 1955; Coulson, 1957), in various elec-
trical applications (Clark, 1962), in sealants (Skrentny, 1971), in carbonless
copy papers (Masuda, 1972; Lister, 1972), and in paint (Young, 1974). Poly-
chlorinated terphenyls were suggested as a carrier for insecticides (Tsao,
1953; sullivan, 1953). A Monsanto marketing guide to PCBs which was published
in the late 1960s also described their possible use as expansion media in tempera-
ture sensing bellows devices, as liquid sealants for furnace roofs, as sealers for
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gaskets, as dedusting agents, in insecticides, in casting waxes, in abrasives,
in lubricants and cutting oils, in adhesives, in polishing waxes and impregnat-—
ing compourds, in coatings, in inks, in mastics, in sealing and caulking com-
pounds, in tack coatings, and as plasticizers in plastics, paint, varnish, and
lacquer. (Monsanto, undated). In addition, a number of other uses of PCBs
had been patented over the years (for a list of patents see: Interdepartmental
Task Force on PCBs, 1972, pp. 70-74).

The available data on the toxicity of PCBs was first summarized in an
article published in 1931 (Smyth, 1931). Skin problems attributed to PCB
exposure were later reported to be associated with various industrial pro-
cesses including PCB manufacturing (Jones, 1936), capacitor manufacturing
(Mayers, 1936), industrial painting (Birmingham, 1942), and electrical cable
insulating (Good, 1943). Systemic effects of exposure to mixtures of chlorinated
organic compourds including PCBs were also noted during the 1930s (Drinker, 1937)
and were evaluated by animal exposure studies (Bennett, 1938; von Wedel, 1943;
Miller, 1944.) In much of this early work, the toxicity studies used
camercial mixtures which included chlorinated naphthalenes, and the effects of
PCBs were not conclusively demonstrated (Drinker, 1939). Animal exposure tests
eventually defined the toxicity of PCBs (Treon, 1946; McLaughlin, 1963; American
Industrial Hygiene Assoc., 1965), and reports of worker health problems became
limited to unusual situations (i.e., Meigs, 1954). Information on the toxicity
of P(Bs led the investigation of PCBs as a possible cause of chick edema disease
(McCune, 1962; Flick, 1965) which was later demonstrated to be caused by con-
tamination of feed with chlorinated dibenzodioxins.

During the early 1960s interest increased concerning the biological effects
of environmental levels of chlorinated pesticide residues such as DDT and chlordane.
Measurement of low levels of these campounds in biological samples required the
development of sensitive analytical procedures that could both separate the
pesticides from each other and from similar compounds and measure the amount of
each compound present. The technique that was developed to perform this
analysis was gas chramatography. In this method, a small amount of sample is
introduced into a long heated tube which is packed with a material that has
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different adscrption characteristics for the different compounds in the
sample. The tube is then flushed with an inert gas, and the different com-
pounds are swept out of the tube at different times past a detector that is
sensitive to the presence of chlorinated organic compounds and that gives a
response proportional to the amount of chlorinated material in the stream of
inert gas. The time required for each campound to move through the tube depends
on the temperature, the type of packing, the rate of flushing with inert gas,
and the characteristics of the particular campound. Therefore, the identifica-
tion of the campounds in the environmental sample depends on knowing the reten-
tion time of the compounds and the response of the detector to each compound.
This requires that known compounds be run through the colum and detector, and
as a result, only known compounds can be identified. Gas chramatography proved
to be a very useful method for determining the concentrations of low levels of
pesticides in environmental samples, but the detector usually recorded the
presence of a number of chemicals that could not be identified by camparison
with known pesticide chemicals.

In 1966, Soren Jensen attempted to identify the unknown compounds that
were being recorded during routine pesticide analyses. In order to determine
when the unknown campounds first appeared in biological samples, he analyzed
feathers, fram eagles that had been taken for museum collections. He found
the unknown materials in feathers collected as early as 1944, before the wide-
spread use of chlorinated pesticides, and so concluded that the unknown materials
were not pesticides or degradation products of pesticides (Jensen, 1972). By
testing chlorinated materials that were in wide use before 1944, he eventually
identified commercial PCBs as the source of the unknown compourds, and published
this finding in late 1966 (Jensen, 1966).

A full discussion of the presence of PCBs in pesticide analyses was
published in 1967 (Widmark, 1967), and this set off a number of investigations
to determine the extent of environmental contamination by PCBs. The discovery
that PCBs were common in the enviromment in sufficient concentrations to affect
the reproduction of wild birds was published in 1968 (Risebrough, 1968). This
article was picked up in the press which started the widespread concern about
possible human health effects from PCBs in the enviromment.
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The Yusho incident that occurred in Japan during the summer of 1968 added
to the public concern over the toxicity of PCBs. This was a case of widespread
PCB poisoning caused by contamination of cooking oil. The PCBs were used
a heat transfer liquid on the high temperature side of a heat exchanger used
to pasturize the oil. Over 1000 people were seriously affected by eating con-
taminated oil (Kuratsune, 1971). The resulting concern over PCBs led to regula-
tory activity and increased research throughout the world. 1In July of 1971, a
similar incident in the United States contaminated a considerable quantity of
chicken feed as the result of leakage of PCB heat transfer fluid. The U.S.
Food and Drug Administration eventually destroyed thousands of chickens and
eggs that were fed this contaminated feed (Pichirallo, 1971). Starting in 1970,
Monsanto voluntarily limited sales of PCBs to closed electrical ecquipment
applications (Wood, 1975) and recammended that existing PCB-filled heat
transfer systems be drained and refilled with non-PCB fluid (Monsanto, 1972).
This voluntary ban was completed by the end of 1973. Monsanto closed the
Anniston, Alabama, manufacturing plant at this time.

By 1972, a great deal of research had been campleted on PCBs and was
summarized in various review articles covering their toxicity (Kimbrough, 1972;
Kimbrough, 1974), environmental impact (Peakall, 1972; Hammond, 1972), environ-
mental distribution (Nisbet, 1972), uses (Broadhurst, 1972), presence in food
(Fries, 1972) and chemical analysis (Reynolds, 1971). The basic information
on PCBs was later campiled in the monograph "The Chemistry of PCBs" (Hutzinger,
1974). The amount of published information on PCBs has continued to grow
rapidly since the early 1970s and is now most accessible through published
literature surveys (Fuller, 1976; Kornreich, 1976) and annotated bibliographies
(Quinby, 1972; Office of Water Resources Research, 1973; Office of Water
Research and Technology, 1975; Cavagnaro, 1978).

2.2 PCB Use Restrictions and Government Regulations

The Yusho incident created considerable concern in the 1. S, over
possible contamination of food by PCBs. The U. S. Food and Drug Administration
started routine sampling of foods for PCBs in 1969, and soon found that PCBs
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were present in fish from the Great Lakes, that there was PCB contamination of
milk caused by use of PCBs as a solvent in pesticide sprays and as a canpo-

nent of sealants used in farm silos, and that there was contamination of
chickens resulting from PCBs introduced into the feed as a camponent of ground
bread cartons and wrappers. It has since beccame apparent that the presence of
PCBs in fish is a problem that has existed since at least 1964 (Hartsough, 1965),
although PCBs were not identified as the cause of the problem until 1971
(Aulerich, 1971; Aulerich, 1973).

From 1969 through 1971, the FDA established action levels for PCBs in food
at 0.2 pam in milk, 5 ppm in edible flesh of fish, 5 ppm in poultry, and 0.5
pom in eggs. In 1970, the FDA prepared a summary of the available information
on the chemistry and toxicity of PCBs (U. S. Department of Health, Education,
ard Welfare, 1970). In 1972, the FDA published a notice of proposed rulemaking
(Federal Register, 37FR 5705). The U. S. Department of Agriculture also
prepared a report on ways that it could act to limit PCB contamination of Food
(U. S. Department of Agriculture Ad Hoc Group on PCBs, 1972.) In 1973, the
FDA formally established limits for PCBs in food and animal feed (Federal
Register, 38FR 18096). The FDA proposed a revision of these limits in
1977 (Federal Register, 42FR 17487), but no action has vet heen taken on
this proposal.

During 1970, the Council on Envirommental Quality (CEQ) studied regulatory
approaches to the problem of toxic chemicals in the enviromment. In its report
"Toxic Substances" published in 1971, CEQ identified PCBs as a major problem
(Council on Environmental Quality, 1971). The initial response of the respon—
sible agencies was to establish a task force to review the available informa-

tion on PCBs and recammend regulatory alternatives (Interdepartmental Task
Force on PCBs, 1972).

During 1973 and 1974, the EPA proposed the establishment of water quality
criteria for PCBs in industrial discharges as part of a program for establish-
ing such criteria for a larger group of pesticides. However, PCBs were not
covered in the effluent standards that were eventually promilgated.
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The Occupational Safety and Health Administration adopted the standards for
PCB exposure in industrial air that had previously been established by the
American Industrial Hygiene Association. The National Institute of Occupational
Safety and Health conducted a major review of available data and an extensive
program of industry assessment in the mid 1970s, and the final report recom-
mended that the allowable concentration of PCBs in the work place be reduced
(NICSH, 1977). However, OSHA has not yet taken action on this recammendation.

Goverrment acticns restricting the use of PCBs were not limited to
the United States. Japan banned the manufacture and use of PCBs in the early
1970s because of public pressure following the Yusho incident. Sweden banned
the use of P(Bs at about the same time. International acticns were also taken
to reduce the risk of food contamination by PCBs during the early 1970s (OCED,
1973; OCECD Council, 1973; The Council of the Eurcpean Cammmities, 1976).

3.0 CONTRACT SUPPORT OF EPA ACTIONS ON PCBS

3.1 Support of Office of Toxic Substances

During 1974 and 1975, the Office of Toxic Substances sponsored a
series of review studies to identify requlatory alternatives for various
specified toxic substances. Contract 68-01-3259 was awarded by the EPA to
Versar on June 26, 1975, to support similar work on additional chemicals.
The first task on this new contract was assigned by the EPA Technical
Project Officer, Mr. David Garrett, on June 27, 1975. This task reguired
the contractor to study the role of P(Bs in the U.S. econamy and prepare
a draft report by Octcber 31, 1975, identifying and screening alternative
regulatory and non-regulatory control options: Study of Regulatory Alterna-
tives for PCBs: Draft Interim Report - Task I, October 31. (Unpublished -
Superceded by "PCBs in the United States... .")

As part of the review of PCRs, the Office of Toxic Substances
sponsored a national conference on PCBs in Chicago on November 19 thru
21, 1975.
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The Technical Coordinator of this conference was Mr. Thoamas Kopp of the Office
of Toxic Substances. Several major articles on the environmental effects of
PCBs that appeared in the popular press shortly before the conference (Boyle,
1975a; Boyle, 1975b) caused considerable public interest in the conference and
a mmber of demands that EPA regulate PCBs. Dr. Robert Durfee of Versar parti-
cipated in this conference and presented a paper summarizing the background on
PCBs as presented in the draft report (Durfee, 1975).

Because of the increasing importance of PCBs to the activities of the
Office of Toxic Substances after the conference, the EPA assigned Mr. Kopp
as Technical Project Officer on the contract and had the contractor expand
the draft interim report and prepare four special reports under Task I.
The Versar Program Manager in charge of this work was Dr. Robert Durfee. The
following reports were submitted in response to this directive:
The Handling and Disposal of Electric Transformers: Special Report,

Task 1 (December 5, 1975). Non-proprietary sections included in
"PCBs in the United States...."

Results from Review and Analysis of 308 Letter Responses on PCB Manu-
facturing, Usage, and Disposal in United States Industrv: Special
Report (December, 1975).

* Toxicological Studies Conducted Under Task I: Special Report (February
19, 1976). Incorporated in "PCBs in the United States..." as Appendix F.

* Development of an Economic Analysis Methodology for Evaluating Regula-
tory Alternatives for PCBs: Special Report, Task 1 (March 9, 1976).
Unpublished.

* PCBs in the United States: Industrial Use and Environmental Distribution

Final Report, Task I (February 25, 1976). EPA 560/6-76-005. NTIS
PR 252 012.

At about the same time that Task I was expanded, the EPA directed the con-
tractor to perform two additional tasks. Task II was a study of wastewater treat-
ment technology that could be used to reduce the concentration of PCBs in industrial

effluents. This work was supported by Clark, Dietz Associates who performed the
industrial economic analysis under subcontract from Versar as provided by Modifica-
tion 1 to the contract. Task ITI was a plan for an assessment of the use of PCBs

*See summary of report in Appendix C.
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in the investment casting industry and the resulting environmental

impacts. Versar program managers were Mr. Donald Sargent on Task II and Dr.
Robert Durfee on Task III. The following reports were sukmitted in response
to these work directives:

* Assessment of Wastewater Management, Treatment Technology, and
Associated Cost for Abatement of PCBs Concentration in Industrial
Effluents: Final Report, Task II. (February 3, 1976). EPA 560/6~
76~-006. NTIS PB 251-433/AS.

* Development of a Study Plan for Definition of PCBs Usage, Wastes, and
Potential Substitution in the Investment Casting Industry: Final
Report, Task ITI. (January, 1976) EPA 560/6-76-007. NTIS PB 251-842.

Based on these three tasks and on other work performed within the Environ-
mental Protection Agency, the EPA published recammended disposal procedures for
PCBs (Federal Register, 41 FR 14134) and proposed effluent standards for PCBs
in the water discharges from PCB manufacturers and from capacitor and transformer
manufacturers that used PCBs (Federal Register, 41 FR 30468).

Senator Gaylord Nelson introduced an amerndment to the Toxic Substances Control
Act (TSCA) on March 26, 1976. This amendment required the EPA to establish label-
ing and disposal requirements for PCBs and mandated an eventual ban on the manu-
facture and processing of PCBs. This amendment was incorporated into TSCA as
Section 6(e) and became a legislated requirement when TSCA was signed into law
on October 11, 1976. The effective date of TSCA was Jamuary 1, 1977.

On July 15, 1976, EPA modified the contract to support additional studies
on several aspects of PCBs. EPA technical supervision of this work was the
responsibility of Mr. Kopp. Under this contract modification (Mod. 4), four
formal tasks were established and two additional reports were prepared for
internal EPA use. The Versar program manager for this work was Mr. Robert Westin,
with each report being the responsibility of a Versar Task Manager who was as
the principal author of the report. The following reports were submitted in
response to the requirements of this contract modification:

*See sumary of report in Appendix C.
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3.2

PCBs Involvement in the Pulp and Paper Industry: Final Report, Task IV.
EPA 560/6-77-005, NI'1S PB 2/1-071/6WP. February 25, 1977.

A First Order Mass Balance Model for the Sources, Distribution, and

Fate of PCBs in the Enviromment: Final Report, Task V.
EPA 560/6-77-006, NTIS PB 270-220. July, 1977.

Assessment of the Environmental and Econcmic Impacts of the Ban on
Tmports of PCBs: Final Report, Task VI. EPA 560/6-77-007, NTIS
PB 270-225. July 1977.

Assessment of the Use of Selected Replacement Fluids for PCBs in Elec-
trical Equipment: Final Report, Task VII. EPA 560/6~-77-002, NTIS No.
forthcoming. April, 1979.

Environmental Discharges of PCBs Associated with the Mufactm:"e and
Use of PCBs and PCB-Containing Ecquipment. (Contains EPA proprietary
Information, submitted to EPA Enforcement Division.) October 29, 1976.

Usage of PCBs in Open and Semi~Closed Systems and the Resulting Losses
of PCBs to the Enviromment. (Contains EPA proprietary information,
sutmitted to EPA Enforcement Division). September 30, 1976.

Support of the Criteria and Standards Division

Versar provided support to the Criteria and Standards Division of

EPA under three separate contract modifications. All of the work involved support
of the effluent standards for PCBs by performing additional technical and econamic
analysis of the feasibility and costs of various pollution abatement technologies.
The EPA Technical Program Manager on this work was Mr. Thomas Kopp, and the EPA
Task Manager was Mr. Ralph Holtje of the Criteria and Standards Division. The
Versar Program Manager was Mr. Donald Sargent. The contract modification require-
ments and the reports sukmitted were as follows:

Modification 2 (Feb. 27, 1976): Provided for the analysis of the
economic impacts of the proposed regulation by Jack Faucett
Associates under subcontract from Versar and for the review of
the Final Task IT report by Versar. |

*See summary of report in Appendix C.
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* PCBs Water Elimination/Reduction Technology and Associated Costs:

Manufacturers of Electrical Capacitors and Transformers: Addendum
to Final Report, Task II. EPA 440/9-76-020. July 2, 197/6.

Recommendations as to PCB Sampling Sites and Sampling Points at
Industrial Sources: Special Report. August 17, 1976.

Economic Analysis of Proposed Toxic Pollutant Effluent Standards
for Polychlorinated Biphenyls: Transformer, Capacitor, and PCB

Manufacturing. (Prepared by Jack Faucett Associates) EPA 230/1-
76-068. October, 1976.

Modification 3 (June 10, 1976): Provided for additional assessment
of wastewater management and treatment technology and support of
EPA during formal hearings and rulemaking proceedings.

Costs for U.V. - Ozonation Process: Addendum to Final Report,
Task 1I. September 27, 1976. Unpublished.

Detailed Cost Estimates for Alternative PCBs Treatment Technol-
ogies Applied to Hypothetical Large and Medium Sized PCB Capacitor
and Transformer Manufacturing Plants. Addendum to Final Report,
Task 1I. October 15, 1976. Unpublished.

Cost for Equalization Basin Based on Bentonite Clay Liner Special
Report, Octcber, 1976. Unpublished.

* Tmpacts of Substitutes for PCBs on Fire Hazards in Cammercial and
Residential Buildings: (Draft) Special Report. October, 197G.
Unpublished.

* Recent Advances in PCBs Detoxification i:_iliastewater: Supplement
to Final Report, Task II. Jamuary 18, 1977. Unpublished.

* PCB ILevels in Non-Contact Cooling Waters and Other Effluents fram
Capacitor and Transformer Production Pacilities: Supplement to
Final Report, Task 1l. January 18, 1977. Unpublished.

* Refinement of Alternative Technologies and Estimated Costs for Re—
duction of PCBs in Industrial Wastewaters fram the Capacitor and
Transformer Manufacturing Categories. January 19, 1977. Unpublished.

* (Costs Associated with Installing Production Equipment for Use of
Non-PCB Dielectric Fluids in Transformer and Capacitor Manufacture:
Supplement to Final Report, Task II. January 19, 1977. Unpublished.

*See summary of report in Appendix C.
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On February 2, 1977, the EPA promulgated effluent standards restricting
any discharges of PCBs in the wastewaters from manufacturers of PCBs or from
capacitor and transformer manufacturing plants that used PCBs after February 2,
1978 (Federal Register, 42 FR6531).

3.3 Support of PCB Work Group - Disposal and Marking Regulations

Section 6(e) (1) of the Toxic Substances Control Act required the EPA
to regulate the labeling and disposal of PCBs by July 1, 1977. On December 8,
1976, the EPA announced the formation of a PCB Work Group to write the proposed
rules. The contractor provided staff support to this work group, providing a
number of special reports as requested, performing the economic impact analysis
of the proposed regulation, and providing testimony at the rulemaking hearing.
The contract was modified on March 25, 1977, (Mod. 6) to authorize this addi-
tional technical and econamic support. The EPA Project Officer for this work
was Mr. David Wagner, and Mr. Themas Kopp remained the Technical Project Officer
in charge of the total contract. The Versar Program Manager was Mr. Robert
Westin. The following reports were submitted in support of the development of
the PCB Marking and Disposal Regulations:

Assessment Methodology for Labeling and Education to Assure the
Proper Disposal of PCBs: Special Report. November, 1976.

Analysis of the Econamic and Technological Constraints on the Disposal
of PCBs: Special Report. November 22, 1976.

PCB Disposal Regulations: Problem Areas and Regulatory Alternatives:
Special Report. December 10, 1976.

Estimated Usage of Electrical Equipment Containing PCBs: Special
Report. December 23, 1976.

Recammended Label Requirements and Suggested ILabel Formats: Special
Report. " January 12, 1977.

Draft Notice of Public Meeting - PCBs. January 10, 1977.

Camments on PCB Definitions to Sukbcommittee on Manufacturing Bans.
January 14, 1977.

*See summary in Appendix C.
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Draft Notice of Proposed Rulemaking, Preamble, and ILabeling and
Disposal Regulations: Special Report. January 21, 1977; revised
February 4, 1977.

Labeling and Disposal Regulations: Revised Draft. January 27, 1977.

Draft Preamble to PCB Disposal Regulation. December 29, 1976:
revised January 12, 1977; revised February 4, 1977.

Econamic Impact - Summary and Conclusions: Special Report. March 14,
1977.

Statement of Econcmic Consecuences of the Rule: Special Report.
April 12, 1977.

*  Microeconamic Impacts of the Proposed Marking and Disposal Requlations
for PCBs. April, 1977. EPA 560/6~77-013, NTIS PB 267-933.

EPA formally proposed the rules for marking and disposal of PCBs on
May 24, 1977 (Federal Register, 42 FR 26564). Rulemaking hearings were held
on June 24, 27, 28, and 29. Mr. Westin of Versar presented testimony on the
economic impacts of the proposed regulation at the hearings on June 29. The
EPA promilgated the PCB Disposal and Marking Regulations on February 17, 1978
(Federal Register, 43 FR 7150) and issued corrections on August 2, 1978 (Federal
Register, 43 FR 33918). The effective date of the regulations was Aoril 18,
1978.

3.4 Support of PCB Work Group - PCB Ban Regulations

Sections 6(e) (2) and 6(e) (3) of the Toxic Substances Control Act
kanned the manufacturing, processing, distribution, and use of PCBs after
January 1, 1978, except in a totally enclosed manner; campletely banned the
manufacture of PCBs after January 1, 1979; and completely banned the process-
ing and distribution in commerce of PCBs after July 1, 1979. However, the Act
also authorized the EPA to exempt those activities involving PCBs that did not
present an unreasocnable risk of injury to health or the enviromment provided

*See summary in Appendix C.
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that good faith efforts were made to develop an adequate substitute for PCBs
in that use. On June 27, 1977. the EPA announced the formation of a PCB work
group to develop proposed requlations implementing these provisions of the act,
and announced public meetings on the subject to be held in Washington, D.C. on
July 19, 1977 (Federal Register, 42 FR 32555).

EPA modified the contract on June 26, 1977, (Mod. 7) to provide for
support during the development of the proposed ban regulations. EPA Project
Officers continued to be Mr. Wagner and Mr. Kopp. Versar's work was supervised
by Mr. Westin. Versar prepared briefing papers for the work group prior to
the public meetings and submitted them to the work group as the special report:
Potential Impacts of the Bans on PCB Manufacturing, Processing, and 'Else:

PCB Activity Analysis Papers (July 11, 1977) .+ Following the public teetings,
the work group prepared a draft of the proposed regulations (August 30, 1977),

and the contractor submitted a formal report on the econamic impacts of these requly
tions: Microeconomic Impacts of the Draft "PCB Ban Regulations": Draft

Report (September 18, 1977). Formal proposal of the ban regulations was
delayed while the Work Group prepared the final version of the Disposal and
Marking Regulations, and on December 30, 1977, EPA announced that it would not
enforce the January 1, 1978 ban on open system activities involving PCBs until
after formal ban requlations were pramlgated (Federal Register, 42 FR 65264 ).

The work group continued to revise the draft proposed regulation,
and Versar sulmitted a major revision of the economic impact analysis reflect-
ing the changes in the proposed regulation and including appendices character-
izing the U.S. waste oil industry and presenting a formal microeconcmic analysis
of the supply and demand effects of the PCB Ban on the electric equipment indus-
try: Microeconomic Impacts of the Draft "PCB Ban Regulations": Revised Draft
Report (March 8, 1978).*

3.5 Support of EPA Office of Planning and Management - PCB Ban Regulations

In early 1978, the EPA transferred responsibility for the analysis of
the economic impacts of the PCB ban requlations from the PCB Work Group to the

*See summary in Appendix C.
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Office of Planning and Management. On April 19, 1978, the EPA awarded contract
number 68-01-4771 to Versar for additional econamic analysis, preparation of a
revision of the previously submitted draft econamic impact report, and support
during the public hearings on the proposed regulations. The EPA Technical Pro-
ject Officer was Mr. Steven B. Malkensen, Office of Planning and Management.
The Versar Program Manager was Mr. Robert Westin. In May, 1978, the contractor
submitted the revised report: Microeconamic Impacts of the Proposed "PCB Ban
Regulations"* that was issued in support of the proposed regulations as EPA
Report No. EPA-560/6-77-035.

The EPA formally proposed the PCP Ban Regulations on June 7, 1578
(Federal Register, 43 FR 24801). Public ilearings were held in Washington,
D. C., fram August 21 through September 1, 1978. Mr. Westin of Versar nre-

sented testimony on the econamic impacts of the proposed regulations on Sep-
tember 26, 1978.

Following the hearings, EPA continued to revise the ban regulations.
On November 1, 1978, EPA published interim procedural rules for filing and
processing petitions for exemptions from thz January 1, 1979 bans on manufactur-
ing of PCBs (Federal Register, 43 FR 50905, oOn Januarv 2, 1979, ™2 annmunced
that it would not enforce the prohibitions on PCB manufacturing. processing,
distribution in cammerce, and use until after formal pramlgation of the PCB
Ban Regulations (Federal Register, 44 FR 108).

On November 15, 1978, Versar submitted a draft report on the econamic
impacts of the draft ban regulations: PCB Manufacturing, Processing, Distribu-~
tion in Cammerce, and Use Ban Regulation: Economic Impact Analysis: Draft
Final Report. A major revision of this report was submitted on December 22,
1978. On December 27, 1978, EPA modified contract 68-01-4771 to extend the
duration of the contract and to fund further revisions of the econamic impact
analyses as required by additional changes to the draft regulation. Mr.
Stephen Weil was assigned to be the EPA Technical Project Officer for this
contract modification. The contractor sukmitted the final revision of this

*Bee sowary in Appendix C.
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report on March 30, 1979.* EPA issued the final regulations on April 19, 1979.
Formal promlgation of the regulations through the Federal Register was expected
to occur by the end of May, 1979.

*See summary in Appendix C.
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Environmental Protection Agency

Effluent Limitations (8 307a Clean Water Act)

Date Vol. Pages Subject

July 6, 1973 38 18044-5 Proposed List of Toxic Pollutants,
Including PCBs.

Sept 7, 1973 38 24342-4 Promulgated List of Toxic Pollutants,
Including PCBs.

Dec 27, 1973 38 35388-95 Proposed Water Effluent Standards,
Including PCBs.

Mar 5, 1974 39 8325-6 Public Hearings on Effluent Standards.
Mar 21, 1974 39 106034 Correction - Effluent Standards.

Jul 23, 1976 41 30468-77 Proposed Effluent Standards.

Feb 2, 1977 42 6531-55 Effluent Standard Regulations.

Spill Reporting Requirements (§ 311, Clean Water Act)

Date Vol. Pages Subject
Feb 16, 1979 44 10266 Definition of "Discharge" under Clean
Water Act.

Feb 16, 1979 44 10271-84 Defines Reportable Quantities of PCBs
Spilled into Waterways, Reporting
Requirements and Fines.
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Disposal and Marking Requlations (§ 6el) Toxic Substances Control Act

Date Vol. Pages Subject

Apr 1, 1976 41 14134-36 Recamnmended Disposal Procedures.

Dec 8, 1976 41 53692 Panel Discussion/Formation of PCB Work
Group.

Jan 5, 1977 42 1067 Rescheduling of Meeting.

Jan 19, 1977 42 3701-2 Notice of Jan. 24, 1977 Public Meeting.

Apr 21, 1977 42 20640-44 Proposed Procedures for Rule-Making under
Sect. 6 of TSCA.

May 24, 1977 42 26564-77 Proposed Marking and Disposal Regulations.
Jul 15, 1977 42 36484-85 Deadline for Reply Comment Period.

Feb 17, 1978 43 7150-64 Promulgated Marking and Disposal Regulations.
Jul 18, 1978 43 30882-3 List of Approved PCB Disposal Facilities.
Aug 2, 1978 43 33918-20 Corrections to Marking & Disposal Regulations.
Aug 25, 1978 43 38087-88 List of Approved PCB Disposal Facilities.
Oct 26, 1978 43 50041 List of Approved PCB Disposal Facilities.
Dec 20, 1978 43 59432-3 List of Approved PCB Disposal Facilities.

Mar 12, 1979 44 13575 Request for Comments on Citizens' Petition to
Give Regional Administrators Authority to
Approve Alternate Disposal Methods.
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Ban Regulations (§ 6e2, 6e3, etc.) Toxic Substances Contxol Act

Date Vol. Pages Subject

Jun 27, 1977 42 32555 Notice of July 19 Chicago Hearing.

Dec 30, 1977 42 65264 Notice that EPA Would Not Enforce Ban on
Uses in "Other Than a Totally Enclosed
Manner."

Jun 7, 1978 43 24802-17 Proposed Ban Regulations.
Jun 7, 1978 43 24818 Requires Notification of Intent to Export.

Aug 25, 1978 43 38057 Incorporates Hearing Record of Effluent
Standard Regulations into Hearing Record
for Ban Regulations.

Sept 22, 1978 43 43048 Notice of Cross-Examination of Versar.

Nov 1, 1978 43 50905-07  Interim Rules: Applications for Exemrption
fram PCB manufacturing ban.

Jan 2, 1979 44 108-109 Notice that enforcement is postponed until
regulations are pramlgated.

May “f, 1979 44 Promulgated Ban Regulations
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Food and Drug Administration

Date Vol. Pages Subject

1972 37 5705-5707 Notice of Proposed Rule-Making.

Jul 6, 1973 38 18096-103 Limits of PCBs in Foods, etc., Aug. 8
Corrections.

1975 40 11563-66 PCBs in Paper/Food Packaging Material.

Apr 1, 1977 42 17487-94 PCBs in Food -~ Proposed Changes.

National Cancer Institute

Date Vol. Pages Subject
Apr 21, 1978 43 17060 Carcinogenicity of Aroclor 1254.
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Contract 68-01-3259 — EPA: Mr. Thomas Kopp, FPA Technical Project Officer

Office of Toxic Substances

Durfge, R. L.; Contos, G. Y.; and Whitmore, F. C. "Study of Regulatory Alterna-
tives for PCBs," Draft Interim Report, Task I. October 31, 1975. Unpublished.
(Superseded by PCBs in the United States...")

Westin, R. A. "The Handling and Disposal of Electric Transformers," Special Report,
Task I, EPA Proprietary Data. December 5, 1975. Unpublished. (Non-proprietary
parts included in "PCBs in the United States...")

*pallotta, A. J. "Toxicological Studies Conducted Under Task I: Special Report."
Washington, D. C.: Office of Toxic Substances, U. S. Envirormental Protec-
tion Agency, February 19, 1976. (Included in "PCBs in the United States..."
as Appendix F).

*Durfee, R. L.; Contos, G. Y.; Whitmore, F. C.; Barden, J. D.; Hackman, E. E.;
and Westin, R. A. "P(Bs in the United States: Industrial Use and Environ-
mental Distribution," Final Report, Task I (EPA 560/6~76~005). Springfield,
Va.: National Technical Information Service (NTIS PB 252-012), February 25,
1976.

*Mosbaek, E. (Jack Faucett Associates), "Development of an Econamic Analysis
Methodology for Evaluating Regulatory Alternatives for PCBs," Special Report,
Task I. March 9, 1976. Unpublished.

Contos, G. Y. and Durfee, R. L. "Results from Review and Analysis of 308 Letter
Responses on PCB Manufacturing, Usage, and Disposal in United States Industry."
(EPA Proprietary Information, sulmitted to EPA Enforcement Division) November,
1975. Unpublished.

*Contos, G.; Durfee, R. L.; Hackman, E. E. (Versar, Inc.), and Price, K. (Clark,
Dietz and Associates). "Assessment of Wastewater Management, Treatment
Technology, and Associated Cost for Abatement of PCBs Concentration in
Industrial Effluents," Final Report, Task II (EPA 560/6-76-006). Springfield,
Virginia: National Technical Information Service (NTIS PB 251-433/AS),
February 3, 1976.

*Barden, J. D. Durfee, R. L. "Development of a Study Plan for Definition of
PCBs Usage, Wastes, and Potential Substitution in the Investment Casting
Industry," Final Report, Task III (EPA 560/6~76-007). January, 1976.
Springfield, Va.: National Technical Information Service (NTIS PB 251-842).

*Carr, R. A.; Contos, G. Y.; Durfee, R. L.; Fong, C. C.; and McKay, E. G. "PCBs
Involvement in the Pulp and Paper Industry" Final Report, Task IV

(EPA 560/6~-77-005). Springfield, Virginia: National Technical Information
Service (NTIS PB 271-071/6WP), February 25, 1977.

*SQurmmary included in Appendix C.
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*Whitmore, F. C. "A First Order Mass Balance Model for the Sources, Distribution,
and Fate of PCBs in the Environment," Final Report, Task V. (Repqrt No. .
EPA 560/6-77-006), Springfield, Va.: National Technical Information Service
(NTIS PB 270-220), July, 1977.

*Burruss, R. P. "Assessment of the Environmental and Econamic Impects of the
Ban on Imports of PCBs," Final Report, Task VI. (Repc_art No. EPA 560/6-77-007),
Springfield, Va.: National Technical Information Service (NIIS PB 270-225),

July, 1977.

*Westin, R. A. "Assessment of the Use of Selected Replacement Fluids for PCBs

in Electrical Equipment," Final Report, Task VII. (EPA 560/6~77-008), _
Springfield, Va.: Natiénal Technical f[nfo;mata.on Service (NTIS No. forthcoming),

Carr,R. A.; DeFries, R.; and Fensterheim, R. "Environmental Discljaagges of 'PCBs
Associated with the Manufacture and Use of PCBs and PCB-Containing Equipment. "
(Contains EPA Proprietary Information, sukmitted to EPA Enforcement Division)

October 29, 1976. Unpublished.

Dentel, S., and Kuniansky, S. "Usage of PCBs in Open and Semi~Closed Systems
and the Resulting Losses of PCBs to the Environment," Draft Final Report.
(Contains EPA Proprietary Information, submitted to EPA Enforcement Divi-
sion). September 30, 1976, Unpublished.

Office of Water Planning and Standards: Mr. Ralph Holtje, Criteria
and Standards Division

Sargent, D. L. "An Approach to Zero Water Usage and Runoff Control for First
Tier PCB User Irndustries," Extension to Task II, June, 1976. Unpublished.

*Sargent, D. L. and Contos, G. Y. "PCBs Water Elimination/Reduction Technology
and Associated Costs: Mamufacturers of Electrical Capacitors and Trans-
formers," Addendum to Final Report, Task II. (EPA 440/9-76-020) Washington,
D. C.: Criteria and Standards Division, U. S. Environmental Protection Agency,
July 2, 1976.

Contos, G. Y. "Recammendations as to PCB Sampling Sales and Sampling Points at
Industrial Sources," Special Report. August 17, 1976. Unpublished.

*Mosbaek, E. (Jack Faucett Associates, Inc.) "Econamic Analysis of Proposed
Toxic Pollutant Effluent Standards for Polychlorinated Biphenyls: Trans-
former, Capacitor, and PCB Manufacturing." Washington, D. C.: U. S.
Environmental Protection Agency (Report No. EPA 230/1-76-068), Octcber 1976.

*Contos, G. Y. "Costs for U.V.-Ozonation Process," Addendum to Final Report,
Task II. September 27, 1976. Unpublished.

*Sargent, D. L. and Contos, G. Y., "Detailed Cost Estimates for Alternative PCBs
Treatment Technologies Applied to Hypothetical lLarge and Medium Sized PCB

Capacitor and Transformer Manufacturing Plants," Addendum to Final Report,
Task II. October 15, 1976. Unpublished.

*Summary included in Appendix C.
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*Contcs,_ G. Y. "Cost for Equalization Basin Based on Bentonite Clay Liner,"
Special Report. October, 1976. Unpublished.

*Westin, R. A. "Impacts of Substitutes for PCBs on Fire Hazards in Commercial
and Residential Buildings," Draft Special Report. Washington, D. C.: Criteria
and Standards Division, U. S. Environmental Protection Agency, October, 1976.
Unpublished.

*Durfee, R. L. and Hackman, E. E. "Recent Advances in PCBs Detoxification in
Wastewater," Supplement to Final Report, Task II. Washington, D. C.:
Criteria and Standards Division, U. 8. Environmental Protection Agency.
January 18, 1977. Unpublished.

*Durfee, R. L. and Carr, R. A. "PCB levels in Non-Contact Cooling Waters and
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Unpublished.

*Durfee, R. L.; Sargent, D. H. and Contos, G. Y. "Refinement of Altermative
Technologies and Estimated Costs for Reduction of PCBs in Industrial Waste-
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Washington, D. C.: Criteria and Standards Division, U. S. Environmental
Protection Agency, January 19, 1977. Unpublished.

*Durfee, R. L. and Westin, R. A. "Costs Associated with Installing Production
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Manufacture," Supplement to Final Report, Task II. Washington, D. C.:
Criteria and Standards Division, U. S§. Environmental Protection Agency,
January 19, 1977. Unpublished.

PCB Disposal and Marking Work Group: Mr. David Wagner, EPA Project Officer

"Assessment Methodology for Labeling and Education to Assure the Proper Disposal
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Special Report, November 22, 1976. Unpublished.
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Decamber 10, 1976. Unpublished.
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Unpublished.
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*  Summary included in Appendix C.
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TOXICOLOGICAL STUDIES CONDUCTED UNDER TASK I
Special Report February 19, 1976
(Included in "PCBs in the United States..." as Appendix F)
This study presents the results of two general areas of effort concerned

with PCBs: the toxicology of PCBs and the testing of potential substitutes for
PCBs.

The toxicoleogical aspects of PCBs are summarized, with emphasis placed on
potential human health hazards caused by widespread use of PCBs in the United
States. Tests have been conducted on the toxicity and carcinogenicity of P(CBs
in a variety of animals including rats, dogs, rabbits, and monkeys. In addi-
tion, there was an incident in Japan where approximately 1,000 people consumed
rice oil that was contaminated with PCBs.

Reviewing the results of these studies led to several important conclusions.
PCBs tend to localize in certain tissues and do not break down easily in the
body, leading to cumulative or chronic toxicity. Early toxicological evidence
concerning the chronic adverse health effects of PCBs from experimental animals
such as mice and rats and from observational data in humans has more recently
been supplemented by additional experimental findings in monkeys. A close
correlation exists for PCBs between the symptoms noted in humans and those
noted in monkeys, suggesting that the dose/response relationships and meta-
bolic and excretion phenamena in humans are similar to those in monkeys.
According to same pathologists, PCB exposure can cause cancerous liver lesions.
Evidence from short-term (several months) exposure and chronic exposure in
animals and humans demonstrates that PCBs are a significant health hazard.

Following the review of the toxicological potential of PCBs, a study was
made of the procedures necessary for evaluating the potential hazards from
possible PCB substitutes. Preliminary information necessary for a thorough
investigation of a substance includes:

1) Physical and chemical properties
2) Manufacturing processes and possible losses

3) Chemodynamics, environmental alteration, and bicaccumulation.
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EPA 560/6-76-005
NTLS PB-252-012

TABLE COF CONTENTS

SECTICN TITLE PAGE
I Introduction 1
II Summary 4
IIT Conclusions and recammendations 25
v Chemical and physical properties of PCBs 31
v Industrial characterizations 54
VI Waste treatment technologies 145
VII Production and distribution 198
VIII Substitutes for PCBs 220
X PCBs release and cumilative envirormental loads 286
X Inadvertent ambient reactions as routes of entry of

PCBs into the environment 297
XI Movement of PCBs in the enviromment - general

distribution model 314
XII Regulatory actions on PCBs 322
Ap. A. PCB adsorption testing by XAD-4 resin A-1/A-3
Ap. B Macroreticular resins from Rohm and Haas Co. B-1/B-7
Ap. C Non-carbon adsorbtion and other research stage

PCB treatment technologies Cc-1/C-18
Ap. D Mass balance model for PCB distribution D-1/D-46
Ap. E Background data used to construct the model for

PCBs in Lake Michigan E-1/E~21
Ap. F Toxicological Studies F-1/-

NWMAR117134



C-3

This report sumarizes the production, use, and distribution of poly-
chlorinated biphenyls (PCBs) in the United States. The information was obtained
by detailed studies of the production of PCBs, the use of PCBs by first tier
user industries, the past and present generation and disposition of PCB-contain-
ing wastes, envirommental transport and cumlative loads, potential alternatives
to PCB usage, inadvertent losses to and potential formation of PCBs in the
enviromment, and current regulatory authorities for PCBs control.

It is estimated that approximately 1.5 billion pounds of PCBs have been
sold for industrial use in the U. S. since initiation of production around 1930.
Of this amount, at least 95 per cent is still in existence; most is in service
in capacitors and transformers, but about 290 million pounds are believed to
reside in landfills and dumps and about 150 million pounds are believed to be
"free" in the enviromment. The magnitude of these values indicates that there
is a strong future threat from PCBs in land disposal sites.

In 1974, U. S. use of PCBs sold by Monsanto, the sole damestic producer,
was distributed between capacitor manufacture (22 million pounds) and transformer
manufacture (12 million pounds). Imported materials amounted to about one per
cent of U. S. industrial purchases of PCBs in 1974; about 400,000 pounds (of
decachlorobiphenyl) were used in investment casting, and an estimated 50,000
pourds of new material were used in specialized heat transfer systems.

Although PCB content in industrial wastes can be reduced through various
approaches (treatment, substitution, etc.), the large amounts of PCBs already
contained in land disposal sites present a severe hazard for the future.
Further study of this and other aspects of the PCBs problem, and determination
of ways to minimize the hazard, are recammended.

Monsanto and portions of the electrical equipment industry which use PCBs
have greatly reduced PCB releases to water and land over the past few years,
primarily through improvement of plant housekeeping, improved waste collection
and handling, and disposal of liquid wastes through incineration. Waterborne
effluents from PCBs production and first-tier use currently release amounts to
the environment which are very small in camparison to the amounts entering land
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disposal sites from these industries. However, these effluents can have severe
local impacts, as evidenced by the current PCB problem in the Hudson River.

There is no plant-scale process used at present for the specific purpose
of removing PCBs fram industrial wastewater. The best available treatment tech-
nology for removal of PCBs from wastewater is carbon adsorption after removal of
solids, oil, and grease. Carbon treatment can produce end-of-pipe PCBs
concentrations of one ppb or less. Other adsorbents, such as resins, also
appear effective to this extent. The most promising method of those water
treatment technologies under development for PCBs destruction is ultraviolet-
catalyzed ozonation. "Zero discharge" to water of PCBs fram production and
first-tier use is available only through extensive water reuse plus extensive
incineration of lightly contaminated wastewaters.

Incineration is an effective method of disposal for liquid PCBs. Land-
filling is the only generally available disposal method for PCBs-contaminated
solid wastes, but incineration of these wastes is technically feasible.

Significant amounts of solid PCB (decachlorobiphenyl, or deka) wastes are
stored or disposed of on land by the investment casting industry. Air emissions
of deka may also be significant in amount, but no evidence of potential health
hazards from this material has been reported.

The total present use of PCBs for open and semi-closed applications is
not known but is believed to be small in comparison to closed electrical system
use. N few capacitor manufacturing plants report recent use of PCBs in vacuum
pumps, and a significant amount of carbonless copy paper containing PCRs must
still be in inventory and in files.

PCBs are uniquely suited to the requirements of capacitors for A. C. service.
Although a number of potential substitues for this application are under devel-
opment and test, they are all more flammable than Aroclor 1016 and neither their
performance in service nor their potential toxicity to man and other species
have been evaluated sufficiently to allow a definitive camparison with 1016.
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Alternatives to PCR use in new transformers are available. In addition,
testing of promising substitute fluids (termed "self-extinguishing”) is under
way; these fluids may gain industry-wide acceptance within three years as sub-
stitutes for PCB fluids. At present, choice of PCB-filled transformers
appears to be based primarily on cost considerations.

No technical barriers to substitution for PCBs (deka) in investment cast-

ing waxes are apparent. Several potential alternatives have been previously
used by this industry.

Atmospheric fallout is a major source of PCB input to freshwater systems.
In Lake Michigan, the PCB contribution at present appears to be much larger
than the total PCB inputs fram point sources such as minicipal sewage treat-
ment and paper recycling.

The importance of atmospheric transport of PCBs relative to other potential
inputs to water indicates that the availability of envirommental sinks from
PCBs is limited, possibly due to short residence times to evaporation in sea
water.

Chlorination of waste biphenyl in industrial wastewaters discharged into
municipal sewers is a potential mechanism for inadvertent production of PCBs.

At present, reqgulatory authority over PCBs in the United States is not
sufficient to significantly reduce future PCB inputs to the envirorment, although
inputs directly to the waterways from industrial sources can be reduced from
their present level. Current disposal practices, except for incineration, tend
to delay instead of prevent the PCB entry into the "free" (available to the
biota) state, and these practices are regulated only minimally.
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DEVELOPMENT OF AN ECONOMIC ANALYSIS METHODOLOGY
FOR EVALUATING REGULATORY ALTERNATIVES FOR PCBS

Task I, Special Report  March 9, 1976
(Prepared by Jack Faucett Associates under Subcontract to Versar)
Unpublished

This report presents factors to be taken intc account when evaluating
alternatives to PCBs to arrive at fair and reasonable time restrictions
on the use of PCBs. Also included are a critique of previous estimates
of the cost of regulating PCBs, suggestions for improving such estimates,
ard a survey of the technological aspects of PCB controls.

The following regulatory alternatives are considered:

1) Regulation based primarily on chlorine content of Aroclor
2) Regulation based primarily on type of use

3) Regulation based on responsibility of user

4) Regulation of new PCBs

5) Regulation of phase-out for PCBs currently in use

6) Regulation oriented toward control of waste
7) Regulation oriented toward protection of population from
exposure to PCBs
After possible regulatory options were identified, a study was made of the
information required to evaluate the various alternatives. It was decided that
comprehensive information in each of the following areas was needed:

1) Present manufacturing and use
2) Future substitutions and product changes

3) Methods of release to the environment and transport and fate in the
environment

4) Toxicity, including exposure levels and results of past incidents
5) Effect, legality, and options for regulation

Covered under the study of technological aspects of PCB controls are:

1) Current and suggested regulations for reducing exposure to PCBs
currently in the environment
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2) Waste disposal control

3) Effects of phasing out PCB use

4) Limitations on the use of new PCBs in investment casting wax, small
capacitors, large power factor capacitors, and electrical transformers

Factors that were analyzed for each of the products above are:

1) Risks from continued use
2) Present alternatives

3) Effect that timing of a ban would have on cost and availability of
alternatives

4) Benefits fram use of alternatives
5) Cost of ban of PCBs

This report reaches the following conclusions:

1) A total ban on PCBs will have only a minor effect on the current
environmmental problem but will be necessary in the long run.

2) The smooth transition to PCB alternatives is unlikely because of
uncertainty about the rationale for and probability of a PCB han.

3) Many of the opinions and cost estimates uncovered in this research
indicate that there has been more preparation for debate than for
crderly changeover

4) Estimates of costs and benefits should be clearly explained to provide
incentive for every accurate data supply.
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ASSESSMENT COF WASTEWATER MANAGEMENT, TREATMENT TECHNOLOGY ,
AND ASSOCIATED COSTS FCR ABATEMENT CF PCBs CONCENTRATIONS
IN INDUSTRIAL EFFLUENTS

FINAL REPORT, TASK II

February 3, 1976
EPA 560/6-76-006
NTIS 251-433/AS
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This report presents the findings of a study of available wastewater
management and treatment technology for the purpose of determining toxic pollu-~
tant effluent concentrations and daily load achievable in three industrial
categories: polychlorinated biphenyls (PCBs) manufacturing; capacitor manu-
facturing; and transformer manufacturing. All plants in these categories have
PCB discharges to either waterways or sewage treatment plants, under normal
operating conditions. All plants have discharges to storm sewers or directly
to waterways under heavy rainfall conditions. |

Extensive survey of wastewater treatment technologies and cooperative
laboratory work with several suppliers of treatment equipment and research
facilities confirmed that carbon adsorption technology is the best current can-
didate for successful removal of PCBs fram the wastewaters. Uv-ozonation was
considered as an alternative. This technology is still in the research stage;

however, it offers potential of complete destruction of PCBs all the way to CO,,
water, and HCL.

Another adsorbent technology now in the development stage, AMBERLITE
polymeric adsorbents, has demonstrated a PCBs removal efficiency that was roughly
equivalent to carbon during laboratory tests. Further testing is needed with
this adsorbent to accurately assess its potential .

For scrap oils and burnable solid wastes generated at these plants, high
temperature, controlled incineration offers a straightforward method of destruc-
tion, whereas scientific landfilling appears to be the best suited mode of
disposal for nonburnable contaminated solids.

Zero discharge objectives can be best achieved by eliminating discharge
streams and developing recycle systems. All non-contact cooling water would
be pretreated. The portion of the pretreated water which would be used in the
plant would be treated with carbon, while the excess water would be incinerated
in a specially designed system which would allow for energy recovery.

Supporting data, rationale for the selection of above recommended treatment
technologies and associated costs are contained in this report.
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DEVELOPMENT OF A STUDY PIAN FOR DEFINITION
OF PCBs USAGE, WASTE, AND POTENTIAL SUBSTITUTION
IN THE INVESTMENT CASTING INDUSTRY

FINAL REPCORT, TASK III
JANUARY, 1976
EPA 560/6-76~007
NTIS PB 251-842

This report sumarizes the use of decachlorobiphenyl (deka) and poly-
chlorinated terphenyls (PCTs) as wax fillers in the investment casting indus-
try and develops a detailed study plan of the industry. Significant information
gathering efforts would be required to establish a complete picture of the
practices, processes, and products of this industry, which in this instance, is
taken to include casting wax manufacture as well as wax usage in foundries.
Definition of the waste streams and emissions from the processes used will
require sampling and analysis and gathering available process data fram the
industry.

An approach to determining the most suitable alternatives to decachloro-
biphenyl and PCIs is presented. Filler substitutes and the use of unfilled
waxes are the two general alternatives to be studied. At present there appear
to be no technical barriers to discontinuation of deka and PCTs as fillers,
although use of alternatives may increase product cost on the order of 10 per-
cent. In determining the most promising alternatives, product and process
oriented technical factors must be evaluated, but potential environmental and
human health effects may prove to be the most important factors in selection.
An approach to camparison of alternatives based on technical factors and toxi-
cology data is presented. However, it is anticipated that toxicological data
on most alternatives, and also on the currently used materials, will be sparse.

The success of information gathering and in-plant sampling efforts is
expected to depend heavily on use of Section 308 (FWPCA) authority. Air
emission sampling would be very important to the establishment of an overall
process material balance and definition of process losses to the environment.
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PCBS INVOLVEMENT IN THE PULP AND PAPER INDUSTRY
FINAL REPORT, TASK IV February 25, 1977 EPA 560/6-77-005
NTIS PB~-271 017/6WP

This paper discusses in detail the sources, distribution, and losses of
PCBs in the U. S. pulp and paper industry. The major use of PCBs in the indus-
try was as an ink solvent in carbonless copy paper that was manufactured by
various paper mills for NCR from 1957 to 1971. Since 1977, PCB levels in
recycled paper have diminished rapidly but PCBs are still present in the
effluent water from campanies that recycle waste paper.

Aroclor 1242, a PCB mixture containing 42% chlorine, was used as a solvent
for color reactants which were then microencapsulated and applied to one side of
the carbonless copy paper. The microspheres ruptured and released the dye under
high pressure, such as would be applied by a pen or pencil. 44,162,000 pourds
of Aroclor 1242 were used for this purpose during the periocd 1957-1971. The
average content of PCBs in the paper was 3.4%. A minor use of PCBs in the
paper industry, was in inks, which consumed approximately 50,000 pounds of PCBs
from 1968 to 1971.

Recycling of wastepaper is a large part of the paper industry. Wastepaper
is the third most important source of pulp behind pulpwood and forest product
wastes. 19% of the annual ocutput of finished paper is recycled each year. There
are 230 paper mills that produce pulp campletely derived from wastepaper and
550 other facilities that use 10~15% secondary fiber in their pulp production.

PCB concentrations in paper products, paper mill effluents, and sludges
have declined sharply since the use of PCBs in carbonless copy paper was ter-—
minated in 1971. Concentrations in paper products are now in the 0-1 ppm range.
Sludges have been in the < 1 to 24 ppm range which is common for municipal
sewage treatment plants. The major reasons behind this sharp reduction in PCB
concentrations are the elimination of PCB use and the disposal each year of
81% of the annual, paper production via incineration or landfilling:r together

these removed approximately 80% of the PCBs fram the paper cvele each vear.
A small amount of PCBs is added to paper products each year because of the
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presence of PCBs in plant influent water, but this contribution does not appear
to be significant at present.

Prediction of PCBs in paper mill effluent and products by using a mathemati-
cal model of the industry indicates that PCB concentration reached its peak
during 1970-71 and is declining to pre-1957 levels because amounts of PCBs in the
recycled wastepaper stream are also declining.

On-site measurements and laboratory experiments have shown that PCBs are
attracted to the fibers rather than to the water in which they are carried. Dis-
charge of PCBs from a paper mill appears to be by way of suspended solids and
removal of these suspended solids should substantially reduce PCB effluents.

The paper industry as a whole is continuing to develop and install water
recycling technology in order to minimize waste treatment costs and recover
chemicals, heat, and raw materials. New treatment systems also offer the pro-
mise of reduced PCB discharges. Some data indicate that PCBs are being re-
moved from influent streams and are becoming fixed in the paper products, there-
by producing a net reduction in PCBs which are free in the enviromment. However,
these PCBs could be re-released when the paper products are disposed of.

It is believed that essentially all of the PCBs used in the production of
carbcnless copy paper have been released to the environment. Half are believed
to reside in landfills and the remainder have been dissipated.
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A FIRST ORDER MASS BATANCE MODEL FOR SOURCES,
DISTRIBUTION, AND FATE OF PCBs IN THE ENVIRCNMENT

FINAL REPCRT, TASK V
JULY, 1977

EPA 560/6~77-006
NTIS PB 270-220

The work presented here, an extension of that reported in the Task I
report, is an attempt to answer the question, "How did it come about that
a canpound, such as the PCBs, is so widespread an environmental contaminant?"
The work involves the construction of several descriptive mathematical models
made necessary by the lack of historical data and the absence of a large base
of reliable contemporary measurements. The work is necessary since the measure-
ments that do exist strongly suggest that the PCBs are a persistent Menace to the
biosphere and hence that actions to control them cannot be delayed while a truly
adequate data base is obtained.

The basic model is constructed on a mass balance principle; that is, all
the PCB input to a restricted region of the lithosphere may be accounted for by
solution, by uptake on suspended solids, and by uptake within the bkiota, with the
remainder of the input PCBs being carried off by the "loss" processes consisting
of surface co-distillation, carryoff by outflowing streams, and entrapment within
the sediments.

The model is somewhat complicated by the necessity of an analytic expres-
sion for the PCB input rate as a function of time; i.e., the driving function.
In the absence of a sufficient amount of data, a model has been constructed to
account for the losses to the envirorment, for the free or "wild" PCB lcad, and
for the atmospheric reservoir of PCBs. The actual relationship of the various
parts of the model are shown in Figure I.

Envirormental Load Model

Appendix C and Appendix D attempt to determine the magnitude of the total
environmental load, the free envirommental load, and the atmospheric reservoir
of PCBs, all as functions of time.
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Figure I
Schematic Showing Relationship of the Various Sections of Report*
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*The number or letter associated with each block refers to section dealing directly with
the subject matter.

NWMAR117146



C-15

The results of this analysis are:
a. In 1975, the total environmental PCB load is estimated to be 3.76 x
10% 1bs. within the continental United States.

b. In 1975, the total free or mobile PCB load in the continental
United States is estimated to be 8.31 x 107 lbs. The remainder
of the total environmental load is thought to be encapsulated in
one form or another (in landfills, for example).

c. As of 1970, the cunulative atmospheric reservoir contained scme
6 x 107 lbs. of PCB indicating a rather rapid exchange between the
total mobile PCBs and the atmospheric reservoir.

d. As of 1975, the PCB concentration in the air near ILake Michigan
was of the order of 10 ug/m3.

e. The estimated half life for fallout from the atmospheric reservoir
is 0.9 years.

f. The average chlorine number for environmental PCBs is of the order
of 4.32.

Results of Mass Balance Model Applied to ILake Michigan
The results of this analysis are:

a. A plausible scenario indicates a present-day PCB concentration (water
plus suspended solids) of the order of 7-10 ppt.

b. Atmospheric fallout constitutes the major input of PCBs to Lake
Michigan.

¢. Surface evaporation or co-distillation (the exact namenclature
is not known because the process is incampletely understood)
constitutes a significant PCB loss mechanism.

d. The presence of suspended sclids within the water column can be
expected to have a daminant effect on the actual (filtered)
aqueous concentration.
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o. The sediments should act as a significant sink for the removal of
PCBs from the water column.

£. Even though there is considerable uncertainty as to the proper value
for some of the important parameters, the sheer bulk of the water
mass makes the aqueous concentration essentially independent of these
parameters over wide ranges.

g. 70 years would be required to reduce the present PCB concentration by
cne-half in the absence of all external sources.

Results of Mass Balance Model Applied to the Entire Great lakes System

a. A plausible scenario leads to an estimate of aqueous PCB concentrations
within the range of measured values, i.e., less than 40 opt.

b. The estimated average PCB concentration in the sediments of Iake
Erie and lake Ontario fall within an order of magnitude of other
estimates.

c. The estimated fallouts in 1974 onto Lake Erie and Lake Ontario both
fall within a few percent of cother estimates.

d. Point source inputs, when introduced into Lake Erie and Lake Ontario,
led to PCB concentrations in the aqueous phase as well as within the
sediments which are within a factor of 2 or 3 of direct observation.

e. The lifetime of the present PCB loads in the absence of all sources
can be estimated.

Other Results

Other results obtained scmewhat incidentally to the main effort include:

a. Bn estimate of the bioconcentration rates of PCBs for a trout
(about 4 x 106) .

b. BAn estimate that, for the trout, the uptake of PCBs fram contaminated
food is 50 times greater than from respiration.
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¢. The MacKay and Wolkoff model for co-distillation is apparently not

applicable in the situation where infalling PCB complicates the situa-
tion.

d. The significant difference in activity of PCBs in bulk solution
canpared to that in the surface layer is probably the driving force
for the creation of a surface concentration gradient.

e. A formulation is developed that suggests the possibility of an analy-
sis of the continental PCB atmospheric reservoir.
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ASSESSMENT OF THE ENVIRONMENTAL AND ECONCOMIC
IMPACTS CF THE BAN ON IMPORTS CF PCBS

FINAL REPORT, TASK VI
JULY 1977
EPA 560/6-77-007
NTIS PB 270-225

This report sumarizes an investigation into the uses of imported PCBs
in the United States and a determination of the econcmic impacts which may
occur as a result of the impending ban on importing PCBs. Imported PCBs are
currently used only for the maintenance of two types of mining machinery
produced in the past by Joy Manufacturing Co. PCBs may also be a significant
contaminant in polychlorinated terphenyls (PCTs) which wax manufacturers
import for use in tooling compounds and investment casting waxes. However,
the sole U.S. distributor of PCTs is currently quaranteeing that such con-
tamination is less than 0.05%.

PCE fluids were used as coolants in mining machinery because of their
low combustability, low electrical conductivity, and inertness which mini-
mizes system corrosion even at continuous high operating temperatures. The
two types of mining machinery manufactured by Joy which use PCBs are loaders,
of which there are approximately 350 and which were last produced in 1973,
and continuous miners, of which there are approximately 50 and which were
last produced in 1970. Converting the motors in the loaders to air cooling
would cost about $6,200 per loader. Converting the continuous miners would
require replacement of the cutting heads and would cost about $65,000 per
miner. As a result of the Toxic Substances Control Act, owners of the
machinery which use PCB fluids have three options:

1) Petition for an exemption to the Act.
2) Bear the cost of converting the machinery motors to air-cooling.
3) Scrap the machinery.

PCTs are used in wax formulations known as tooling compounds, which
are used to provide support to thin walled objects so that they may be
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machined without being damaged. After machining, the tooling compound is
removed either by melting or by using an agqueous acid solution. The sole

producer of tooling compounds which contain PCTs is M. Argueso & Co. of
Mamaroneck, N.Y.

Investment casting is a method of producing metal castings which may
have complex shapes and which have a surface finish and dimensional toler-
ance which cannot be matched by other casting processes. It involves first
making a pattern out of wax; the pattern is then covered, or "invested,"
with a refractory coating which hardens at room temperature. The wax is
then melted and/or burned out of the mold. The metal is then poured in and
allowed to harden. Investment casting is best suited to the production of
a large volume of small, intricate parts made of metals which are difficult
or impossible to machine.

PCTs are used in investment casting waxes for several reasons. They
make the wax harder at all temperatures below the melting point; they cause
the wax to harden faster by improving thermal conductivity; and they reduce
the coefficient of thermal expansion of the wax, resulting in improwved di-
mensional accuracy in the finished casting. Detailed data on PCT loss to
the environment is not available, but possible sources of loss include mold
production, mold dewaxing, mold firing and preheating, and wax reclamation.
There are eleven manufacturers of investment casting waxes in the United
States; three currently use PCTs in their formulations, and three others
did in the past but no longer do so. All three current users of PCBs receive
them from the same distributor.

The following points with respect to PCT use in tooling compounds and
investment casting waxes are noted:

1) PCT containing casting waxes cost 15¢ to 25¢ per pound more than
non~PCT containing waxes and comprise less than half of the total
sales of manufacturers who sell them.

2) Of the three manufacturers of PCT containing waxes who ceased using
PCTs in their waxes within the past decade, none seems to have been
placed in an unfavorable competitive position.
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One investment casting foundry, General Electric, has ceased using
PCT waxes. They have apparently found adequate substitutes for use
in casting turbine blades, an application which is critically de-
pendent upon high dimensicnal accuracy and extremely fine surface
finish.

From 2 and 3 above, it appears that acceptable substitutes for PCT-
containing waxes are available.

If imported PCTs are found to contain PCBs in excess of 0.05%, the
EPA can take action to ensure adequate quality control.

If PCTs are found to "present an unreasonable risk of injury to
health or the environment," they may be banned.
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ASSESSMENT OF THE USE OF SELECTED REPLACEMENT FLUIDS FOR
PCBs IN ELECTRICAL EQUIPMENT

Final Report, Task VII, April 1979 EPA 560/6-77-008
NTIS No. Forthcoming.
This report discusses the use of PCBs as dielectric ligquids in trans-
formers, motors, electromagnets, and capacitors. The performance criteria
for replacement liquids are summarized and alternative technologies are
reviewed.
The major alternatives to the use of PCBs in tranformers are:

e Dry type transformers, including gas-filled and cast coil construc-
tion

e (Oil-filled transformers located in safe locations or installed in
a vault .

® High fire point liquid dielectric-filled transformers, including
silicone, paraffinic hydrocarbon, and synthetic hydrocarbon liquids

e Non~-PCB askarel licuids based on chlorinated benzenes

PCB filled electromagnets may be replaced with available oil-filled,
high-fire point liquid-filled, or dry type units. Dry air-cocled motors are
also available for most of the previous applications using PCB-filled elec-
tric motors.

Alternative capacitor liquids are:

Phthalate esters
Alkylated monochlorodiphenyl oxide
Isopropyl biphenyl

Other possible capacitor dielectric liquids are also discussed, and
the status of dry film capacitors is reviewed.
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PCBs WATER ELIMINATION/REDUCTION TECHNOLOGY AND ASSOCIATED COSTS,
MANUFACTURERS OF ELECTRICAL CAPACITORS AND TRANSFORMERS

ADDENDUM TO FINAL REPCRT, TASK II
JULY 2, 1976
EPA 440/9-76-020

The general potential for reduction of water use in the electrical
equipment manufacturing industry is favorable, since water has to be carefully
excluded from the internals of both transformers and capacitors for the units
to meet product and performance specifications. Newer plants in these
categories, particularly those of smaller size, use much less water per unit
of PCB use than the older plants, However, the existing plants would require
a cambination of process and plant modifications and wastewater treatment and
recycle to achieve a goal of no discharge of PCB-contaminated waters. This
addendum to the Task II report summarizes the quantities and sources of the
wastewaters; describes the available alternative technologies for reducing
or eliminating the discharges on a source-by-source basis; and tabulates the
estimated costs for achieving such reduction or elimination.

Section 2.0 of this report addresses the point sources from the capaci-
tor and transformer manufacturing industry with the absolute goal (with a
single exception from one plant) of no point-source discharges of any waters.
Extensive applications of process changes (from wet to dry unit processes or
unit operations), of water segregation practices, of water treatment and re-
cycle practices, and of water-quantity reduction practices were investigated.
The residual contaminated wastewaters not eliminated by these practices were
then hypothesized to be "incinerated," e.g., heated to a sufficiently high
temperature for a sufficiently long time to ensure destruction of PCB con-
taminants.

Section 3.0 presents the technologies and costs for eliminating PCB
contamination of rainwater runoff from manufacturing plants in this industry.

Section 4.0 presents the technical basis and estimated costs for three
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alternative approaches to PCBs reduction in the direct discharges from this
industry to waterways. The technology and costs presented are based on
those of Reference 1 and Sections 2.0 and 3.0 of this 2ddendum. The ap-

proaches were selected to offer a range of PCBs control at various levels
of costs.

The estimated costs are as accurate as was possible within the scope of
work. Based on previous experience in this area, we feel that the least re-
liable costs tabulated are those for waste stream segregation. Costs for
segregation are highly variable from plant to plant, and accurate estimation
is'only possible as a result of detailed study of plant layout, piping, etc.,
which was beyond the scope of this study.

NWMAR117155



C-24

ECONOMIC ANALYSIS OF PROPOSED TOXIC POLLUTANT EFFLUENT
STANDARDS FOR POLYCHLORINATED BIPHENYLS;
TRANSFORMER, CAPACITOR, AND PCB MANUFACTURERS

October 1976 EPA 230/1-76-068

(Prepared by Jack Faucett Associates Under Subcontract from Versar)

This report presents an assessment of economic impacts from PCB effluent
controls. Because of the cost of required effluent controls, it is estimated
that a minimum of nine and maximum of all eleven direct discharging plants
will stop using PCBs depending on the particular regulation issued. Accord-
ing to industry opinion, the estimated minimm is very unlikely because
additional PCB controls would encourage stopping use of PCBs. Decisions
against investment in control equipment does not mean, however, that the impacts
of these regulations are zero. Company decisions to cease PCB use will have
impacts, particularly with regards to the timing of the decision to stop
using PCBs. The earlier the switch to substitutes the more likely that pro-
duct prices and performance will change in the transition.

There is evidence that some industries will cease PCB use prior to imple-
mentation of Section 307 (a) controls. That evidence is based on investment
analysis of probable effects on company profits, announced decisions such as
those by General Electric and Monsanto, and capacitor/transformer users'
preparations for PCB substitutes. These decisions are significant in light
of the range of government alternatives that were considered. A major force
in government controls affecting PCB use is the Toxic Substances Control Act,
which will prohibit the use of PCBs in capacitors and transformers by 1980.
The EPA proposed toxic pollutant effluent standards for PCBs in July 1976,
and EPA is scheduled to promulgate regulations in January 1977. Depending on
the final standard, the affected plants which continue PCB use are likely to
install one of the treatment technologies presented below. Circumstances at
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each plant could cause deviations in technology costs from the following
sumaries:

Government
Regulatory Average Investment
Options Potential Technology Cost/Plant
A Process Change & Carbon Treatment $ 527,000
B Maximum Carbon Treatment $1,207,000
C Minimum Carbon Treatment $ 392,000
Zexo
Discharge Process Change and Recycle $ 555,000

The cost of each of the technologies varies considerably among plants, but
the above costs are an average of investment costs for model plants that
were considered.

Since few if any plants will actually install effluent control equipment
in response to Section 307 (a) directly, econamic impacts can be viewed as
emanating from timing of decisions. Monsanto's voluntary ban on PCB produc—
tion and the new Toxic Substances Control Act will effectively terminate PCB
use by 1980 independent of Section 307 (a) provisions.

Total investment costs and total annual costs for each of the four
treatment technologies are given in the table below. Our analysis focuses
on the 11 direct discharging plants of the 37 plants that manufacture PCB
transformers and capacitors.

The following summaries are based on analysis of investment, i.e., in-
vestment to meet only federal effluent controls under Section 307 (a), for
model plants. Conclusions on whether companies with plants similar to each
model would actually install the specified treatment are based on a com~
parison of present costs of the equipment.
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INVESTMENT AND ANNUAL (COSTS FOR DIRECT DISCHARGING TRANSFORMER
AND CAPACITOR PLANTS

{Millions of Dollars)

Required Treatment

A B c Zero Discharge
Number of Plants that would
Install Treatment:
Transformer 0 0 0 0
Capacitor 1 0 2
Total Investment:®
Transformer 0.0 0.0 0.0 0.0
Capacitor .26 0.0 .23 .31
Total Annual Cost:
Transformer 0.0 0.0 0.0 0.0
Capacitor 14 0.0 10 19

9¢-0

a) Investment analysis indicates an acceptable return on investment.
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Alternative A Treatment Costs

EPA standards which would lead firms to invest in Alternative A would
cause 5 direct discharge capacitor plants and all 5 direct discharge trans-
former plants to stop using PCBs in January 1978 rather than by 1980 as
would otherwise occur. The one remaining direct discharging capacitor man—
ufacturer could comply with the regulation by installing the necessary treat-
ment equipment. These early curtailments in production would reduce industry-
wide production capacity of PCB capacitors by about 35 percent and of PCB
transformers by about 50 percent. Industry-wide investment for control equip~
ment would be § .26 million with annual costs of $ .14 million.

Alternative B Treatment Costs

EPA standards which would lead firms to invest in Alternative B would
cause all capacitor and transformer plants among the direct discharges to
stop using PCBs in January 1978 rather than by 1980 as would otherwise occur.
These early curtailments in production would reduce industry-wide production
capacity of PCB capacitors by about 45 percent and of PCB transformers by
about 50 percent.

Alternative C Treatment Costs

EPA standards which would lead firms to invest in Alternmative C would
cause 4 direct discharge capacitor plants and all 5 direct discharge trans-—
former plants to stop using PCBs in January 1978 rather than by 1980 as would
otherwise occur. The two remaining direct discharging capacitor manufactur-
ers could comply with the requlation by installing the necessary treatment
equipment. These early curtailments in production would reduce industry-
wide production capacity of PCB capacitors by about 30 percent and of PCB
transformers by about 50 percent. Industry-wide investment for control
equipment would be $ .23 million with annual costs of $ .10 million.
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Zero Discharge Treatment Costs

EPA standards which would lead firms to invest in zero discharge would
cause all but 1 direct discharge capacitor plant and all 5 direct discharge
transformer plants to stop using PCBs in January 1978 rather than by 1980 as
would otherwise occur. The one remaining direct discharging capacitor manu-
facturer could comply with the regulation by installing the necessary treat-
ment equipment. These early curtailments in production would reduce industry-
wide production capacity of PCB capacitors by about 35 percent and of PCB
transformers by about 50 percent. Industry-wide investment for control
equipment would be § .31 million with an annual cost of § .19 million.

The following economic impacts for the eleven direct discharge plants
are based on industry trends as well as data collected from transformer
and capacitor users and producers directly,

Average transformer price increases due solely to PCB effluent controls
will be minimal because (1) PCBs used by direct discharge plants represent
less than 10 and possibly only 5 percent of total transformers and (2)
other expected controls and voluntary bans will already have caused a
further shift to non=-PCB units. The price adjustment for the less effective
non-PCB transformers could be significant, but little of this increase can
objectively be attributed to Section 307 (a) controls.

The dollar value of all transformer sales is likely to increase more
because of higher costs with PCB substitutes than they decrease because of
demand response to higher prices. However, recent data indicate that an
increase in imports could easily offset any increase from higher prices,
leaving domestic producers with slightly lower dollar sales.

Industry-wide capacitor price increases due solely to changes resulting
from PCB effluent controls are likely to be less than 5 percent in 1977 and to
decrease to less than 2 percent as PCB substitute technology improves by
1980. All environmental controls combined can generate up to a 20 percent
increase in average capacitor prices. However, only part of that increase
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can be attributed to Section 307 (a) effluent controls which will affect
only six specific plants in the entire 19 plant capacitor industry. The
remaining plants will be covered by a future requlation, however.

There are no significant effects on energy consumption, balance of
payments, or employment. The announced and apparent shifts to non-PCB units
and the expected demand for capacitors and transformers are likely to increase
rather than decrease sales and industry-wide employment. However, to pre-
vent losses to foreign competition, domestic producers might have to absorb
soe cost increases in lower profits. Since all of the affected plants
are either part of a much larger company or have a reasonably good PCB al-
ternative, reduced profits will not necessarily lead to significant reduc-
tions in employment. There will be no reductions if sales in fact do in-

crease and if similar numbers of people are needed to manufacture non-PCB
units.
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COSTS FOR UV ~ OZONATION PROCESS

Addendum to Final Report, Task II September 27, 1976

The costs presented in the Task II Final Report were reevaluated based
on new tests that determined that complete removal of the organic content
in wastewaters is not required prior to removal of the PCBs.

Comparison of the terminal treatment capital costs of UV-ozonation
systems with carbon adsorbtion systems for reducing the concentration of
PCBs in effluent waters to below 1 ppb indicated a greater than 50% higher
cost for ozone system over the carbon system. However, combining the pre-
treatment costs with the terminal treatment costs results in UV-ozonation
system costs about 5 to 10 percent higher than the carbon system costs.
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DETAILED COST ESTIMATES FOR ALTERNATIVE PCBs
TREATMENT TECHNOLOGIES APPLIED TO HYPOTHETICAL LARGE AND MEDIUM SIZED PCB
CAPACTITOR AND TRANSFORMER MANUFACTURING PLANTS

Addendum to Final Report, Task II October 15, 1976

The three treatment alternatives for which costs were estimated are:

A) Process and plant modifications and pretreatment of process water.
B) Maximm use of carbon adsorption.
C) Minimum treatment.

The estimates for these three alternatives are:

Large Plant Medium Plant
2,500, Ibs. PCB 500,000 lbs. PCB
Alternative A Capital Investment $1,997,900 $647,000
Annual Cost 528,900 164,700
Alternative B Capital Investment 3,811,400 935,500
Annual Cost 922,900 222,300
Alternative C Capital Investment 1,588,400 575,500
Annual Cost 374,000 138,200
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COST FOR EQUALIZATION BASIN BASED ON BENTCNITE CLAY LINER

Special Report

October 1976

The capital cost for the equalization basin with a bentonite clay lining
is shown below. This cost was estimated based on a basin volume of three
times the design flow, 24 hour residence time, and $5.00 per cubic yard of
excavation cost consistent with the Task II report basis for the reinforced

concrete equalization basin.

The report also summarizes total installed

costs, maintenance costs, and operating costs, and compares these costs to
those estimated for concrete storage basins described in the Task II Final

Report.

Bases: 1. 24 hour retention

2. 3 times normal flow
3. Bentonite lining at 80 tons/acre and lining cover @ $O.3/’yd2
4. 12 ft depth

5. 10 ft water depth
6. L/MW - 2.0

Flow (gpm)

Licquid Vol. (1000 gal)
width (ft)

Length (ft)

Excavation Cost
($1000)

Lining & Cover Cost
($1000)

Total Basin Cost
($1000)

Pumps & Sump ($1000)

Total Basin & Pump Cost
($1000)

20
86
24
48
2.6

0.5

3.1

20

23.1

40
176
34
68
5.1

0.7

5.8

20

25.8

80
345
48
96
10.2

1.3

11.5

21

32.5

160
690
68
136
20.5

2.3

22.8

22

44.8

320
1380
96
192
41

4.1

45'1

27

72.1

640 1700
2760 7340
136 222
272 444
82 218
7.6 18.4
89.6 236.4
32 42
121.6 278.4
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IMPACTS OF SUBSTITUTES FOR PCBs ON FIRE HAZARDS IN COMMERCIAL
AND RESIDENTTAL BUILDINGS

(Draft) Special Report October, 1976

This report reviews the technologies that were being developed for the
replacement of PCBs as dielectric liquids in transformers and capacitors. All
of the potential substitute liquids are more flammable than PCBs, and this
flammability presents a potential fire hazard. The report reviews the changes
in design and the effects of changing fire codes and insurance underwriter's
requirements on limiting the potential hazard resulting from the use of sub-
stitutes for PCBs in electrical equipment.

The report concludes that there is no basis to assume that properly
engineered and tested equipment would result in an increase in risk. Any
safety problems that occur may be the result of inadequate testing and evalua-
tion prior to commercial introduction of the electrical transformers and
capacitors that use the substitute materials.
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RECENT ADVANCES IN PCBs DETOXIFICATION IN WASTEWATER
Supplement to Final Report, Task IT

January 8, 1977

This report sumarizes a brief study made to update information on methods
(other than adsorption) for removing or detoxifying PCBs present in industrial
wastewater. Information was obtained from Westgate Research and Houston Research
on UV-catalyzed ozonation, from Envirogenics Systems Company on catalyzed re-
duction, and from Environment Canada and others on biodegradation.

In the area of UV-ozonation, both Westgate Research and Houston Research
have run tests in which the level of PCBs has been reduced almost to the detec-
tion limit of 0.1 ppb. Both companies have stated that they can provide an
operational operating costs for a 640 gpm system at $1,750,000 and $120,800/yr.,
respectively. The decomposition products of Uv-ozonation of PCBs are not
known at this time. The catalyzed reductive declorination process being
developed by Envirogenics has been tested on PCBs. A 75 ppb concentration of
the PCB isomer 4,4;-dichlorobiphenyl was reduced to about 1.0 ppb. The Enviro-
genics process is currently being used at the Velsical Chemical Corporation
plant in Menphis where it was put into service in mid-May. It is expected that
a contamination level of 1000-15000 ppm of heptachlor and 500-700 ppm of endrin
will be reduced to less than 1 ppb of total contaminants. Envirogenics is
expecting a grant to set up a plant-scale system to handle P(Bs at one of the
GE plants. Decomposition products of this process are being investigated.

The work being conducted on biodegradation by Environment Canada has pro-
duced a bacterial strain which subsists solely on PCBs. However, this process
is not yet ready for commercial scale demonstration because the lowest PCB
concentration reached (as of August, 1976) is 19 ppb.
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PCB IEVELS IN NON-CONTACT COOLING
WATERS AND OTHER EFFLUENTS FROM CAPACITOR
AND TRANSFORMER PRODUCTION FACILITIES

Supplement to Final Report, Task II
January 19, 1977

This work provides a tabulation and analysis of the current status of
non-contact cooling water waste streams from the capacitor and transformer
production facilities which use PCBs.

Data on PCB levels in 1974-75 and 1976 samples from cooling water effluents
from PCB capacitor and transformer manufacturers were obtained for ten streams
at six different facilities. All but one of the 1976 levels were below 10 ppb
total PCBs, and five were at 2 ppb or lower. These levels are compared to
combined plant effluents and rainfall runoff samples at four plants. The
highest and most variable PCB levels occurred in runoff samples, and the
lowest and least variable occurred in the cooling water effluvents. In general,
one to two ppb appears to be a typical PCBs lewel for non-contact cooling
water in this industry for plants which practice good plant housekeeping and
segregate their cooling water.
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REFINEMENT OF ALTERNATIVE TECHNOLOGIES AND ESTIMATED
COSTS FOR REDUCTICN OF PCBs IN INDUSTRIAL
WASTEWATER FROM THE CAPACITCR AND TRANSFORMER
MANUFACTURING CATEGORIES

Supplement to Final Report, Task II
Decenber 16, 1976

This report augments and refines the available information on technology
and estimated costs for abatement of PCB discharges from the capacitor and
transformer manufacturers who use PCBs ig__&eir products. It includes:

1) A description of modifications being performed at
two GE plants to reduce PCB effluents;

2) An updated cost estimate for UV-ozonation;

3) A cost estimate for the use of bentonite-~lined equalization
basins;

4) A general review of the current industry trends towards abatement
of PCB discharces.

As of September, 1976, GE had reduced PCB discharges from 8 to 9 pounds per
day to one pound per day at their Fort Edward and Hudson Falls manufacturing
plants. This was accomplished by:

1) Segregating wastewater;

2) Preventing spills and leaks from contaminating clean water;
3) Decreasing wastewater volume;

4) Eliminating batch dumping;

5) Treating sanitary wastewater at Fort Edward.

Additional projects intended to reduce PCB discharge to less than 1 gram
per day were underway and were scheduled for implementation by April or May, 1977.

These include:

1) Recirculating non-contact cooling water;
2) Consolidating discharges and impoundment basins;
3) Treating impounded water at Fort Edward.

NWMAR117168



C-37

The cost of constructing and operating an equalization basin based on the
use of a bentonite clay lining was calculated and compared with figures which
had been previously derived for a concrete lined basin. It was determined
that the annual operating cost for a bentonite lined basin was approximately
half that for a concrete basin the same size. In actual practice, however,
the bentonite lined pond would be much larger than a concrete lined basin in
order to reduce the frequency of pond dredging and cleaning. Thus, the costs
for the two alternatives will be more nearly equal.

Westgate Research Corporation's continuing UV-ozonation development pro-
gram has produced some system simplifications which made it necessary to re—
estimate the cost of removing PCBs in a UV-ozonation treatment plant. The new
treatment costs ranged from $16.00/1000 gal. for a 20 gpm plant to $1.50/1000
gal. for a 1,700 gom plant. Typical costs for PCB removal using activated
carbon range from $4.47/1000 gal. for 20 gpm capacity to $1.18/1000 gal. for
1,700 gpm.

An examination of current industry trends towards abatement and disposal
of PCBs revealed several things. Calgon is furnishing GE with carbon adsorption
technology and generally agreed with the technical conclusions and cost estimates
determined by Versar. There are at least three PCB users which have no discharge
of process water or non-contact cooling water to waterways or POIWS. Segrega-
tion of cooling water streams appears to be well in hand or underway in five plants.
Three potential suppliers of incinerators for waste PCB-containing liquids in-
dicated that they could supply incinerators within 6 to 18 months of receiving
an order.
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COSTS ASSOCIATED WITH INSTALLING PRODUCTION
EQUIPMENT FOR USE OF NON-PCB DIELECTRIC
FLUIDS IN TRANSFORMER AND CAPACITOR MANUFACTURE

Supplement to Final Report, Task II Jamuary 19, 1977

This report summarizes the costs associated with the expected changeover
from polychlorinated biphenyls (PCBs) and PCB-containing askarels to substitute
(non-PCB) dielectric fluids in the manufacture of transformers and capacitors.

The approach taken was to contact industry representatives at the various
meetings of industry committees dealing with disposal of cbsolete PCB-contam-
inated equipment and waste oils. In addition, discussions were held with other
industry personnel from whom information on similar matters had been cbtained
in the past.

The results indicated that no significant process changes would be
required of any producer to convert to a PCB substitute. However, minor to
extensive retooling will be required for most capacitor producers that produce
their own containers and/or utilize their product capacitors in assemblies
(ballast assemblies, for example). Design, testing, and other activities re-
quired by the product changes will also result: in costs associated with the
changeover but not with process changes. In addition, clean-up and disposal
costs will be borne by all firms,
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MICROECONOMIC IMPACTS OF THE PROPOSED MARKING AND
DISPOSAL REGUIATIONS FOR PCBs
FINAL TASK REPCRT
April 1977
EPA 560/6~77-013

NTIS PB 267-833/3WP

This study evaluates the economic impact of the draft regqulations for the
marking and disposal of PCBs. The report includes estimates of the quantities
of PCBs and equipment containing PCBs that will be affected, present and future
required availability of PCBs, PCB disposal facilities, secondary costs (in-
cluding storage), recordkeeping, transportation, and the cost of the actual
marking. The economic analysis includes estimates of additional costs by
year and economic sector, effects on price, investment requirements, and
employment. Finally, the effects of compliance on energy requirements and on
the availability of strategic materials are estimated.

The basic disposal requirement for all PCBs is controlled use and storage
followed by high tenperature incineration. The proposed regqulations are very
specific on what is to be done and how it is to be done. Consideration of the
present lack of incineration facilities and the high costs which would be
incurred by requiring removal and special handling of fluorescent light ballasts
and small capacitors have resulted in the following exemptions from the basic
requirements of incineration:

1) Until July 1, 1979, non-liquid PCB mixtures, PCB capacitors, and PCB
fluworescent light ballasts may be disposed of in chemical waste
landfills.

2) PCB containers may be decontaminated by triple rinsing.

3) PCB transformer may be rinsed and disposed of in chemical waste
landfills.

4) Small PCB capacitors in electrical equipment do not have to be
removed before disposal of the equipment.

5) Small capacitors and fluorescent light ballasts used in private
homes may be disposed of as municipal solid waste.

6) Material or equipment containing less than 500 ppm of PCBs will
not require special handling or disposal.
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Most storage areas required by the regulations will be established by
office and commercial buildings, electrical repair shops, and small industrial
buildings for the storage of small capacitors and fluorescent light ballasts
reroved during normal maintenance. Cost of establishing a small storage area
is estimated at $145 with an annual operating cost of $95/year. It is suggested
that these costs may be reduced by using wnused space and establishing the area
during a time of slack labor demand. A larger area, such as required by utilities
and transformer repalr shops is estimated to cost $1,000-$5,000 to establish
and $2,125 to operate annually.

The draft regulations require that chemical waste landfills used for the
disposal of PCBs be approved by the EPA Administrator for that purpose. At
present there are sixteen chemical waste landfills in the U.S., but none have
been approved for PCB disposal. Awverage cost for disposing of materials in
these landfills, including freight and state fees, is estimated at $3.00 per
cubic foot of material.

There are currently nine commercial incinerators with the capacity to
destroy liquid PCB waste. In addition, three of these facilities have the
capacity to destroy PCBs contained in solid wastes. Charges at these facilities
are 7-14¢/1ib. for liquid waste and $40/drum for solid waste. Estimated operating
cost of a unit capable of shredding and disposing of capacitors is 52¢/1b. It
may also be possible to dispose of PCB liquids in cement kilns and power boilers.
Shipping charges for liquid PCB wastes in 55 gallon drums range from $1.14 to
$6.24 per hundred pounds depending upon the nunber of drums and the shipping
distance. In addition, there may be a charge of $2.85 per platform handling
for each drum. There will also be additional recordkeeping charges of $2 to
$5 per item.

For estimating the total cost to industry which will be incurred in
complying with the draft disposal requlations, three options were identified.
Option 1 assumes that all PCB capacitors are removed from equipment before it
is scrapped. Option 2 assumes that 2/3 of all small appliance capacitors, HID
capacitors, and fluorescent light ballast capacitors are not removed fram the
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equipment but are disposed of as municipal solid waste while the remaining

1/3 are incinerated. Option 3 allows the disposal of fluorescent light ballasts
in chemical waste landfills.

Associated with each of these regqulatory options are aggregate, industry-
wide costs for decontamination, storage, landfill and incineration costs,
transportation costs, and recordkeeping costs. The maximum expected cost for
decontamination of askarel filled transformers is $365,000 per year. The cost
for storing PCBs prior to disposal is estimated to be $8.2 million the first
year (including cost for setting up storage areas) and $4.2 million per year
in subsequent years. The maximum expected cost for disposal in chemical land-
fills is expected to be $5.5 million. The estimated incineration costs range
from $134 million per year for Option 1 to $39 million per year for Option 3.
Estimated transportation costs for incinerating PCBs vary from $7.4 million
to $13.2 million per year, depending on how many incinerators are assumed with
the various disposal options. Recordkeeping costs are estimated to be $8 million
initially plus $4.0 million per year thereafter.

In addition to the economic impacts which will result from the disposal
regulations, there will also be substantial costs incurred due to the marking
requlations. Manufacturers will be faced with major retooling costs, on the
order of $25,000 each, in order to comply with the proposed regulations. The
majority of the marking cost, however, will be borne by the present users of
PCB electrical equipment who need to mark existing equipment. The total cost is
estimated to be $33.2 million.

The aggregate effects which the proposed marking and disposal regulations
will have on the electrical pricing, energy consumption, and strategic materials
are slight. The price of electricity will increase by an average of 0.06%.

The upper bound estimate for increased enerqy consumption is 17,700 Bbl/day.
Reclamation of copper windings from transformers may be inhibited but the

total amount affected would be less than 1% of the total copper reclaimed every
year in the U.S. and is an insignificant portion of the copper consumed each
year.
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POTENTIAL IMPACTS OF THE RANS ON PCB MANUFACTURING, PROCESSING, AND USE
Special Report, PCB Activity Analysis Papers

July 11, 1977

This report describes the current uses of PCBs in the United States and
draws particular attention to those uses which present environmental hazards
or problems of a regulatory or economic nature.

At the present time the only uses of PCBs in the United States are in
capacitors, transformers, and the maintenance of a nurber of mining machines
formerly manufactured by Joy Manufacturing, Inc. Capacitor and transformer
manufacturers and transformer maintenance shops currently receive their PCBs
from Monsanto, the sole U.S. producer of PCBs. Monsanto intends to stop
manufacturing PCBs by August 1977, and will cease shipment from inventory as
of October 1977, even though the Toxic Substances Control Act permits the
manufacture of PCBs for use in a totally enclosed manner through January 1979.
Small custom chemical campanies may be attracted to this market, requiring
definition of allowable manufacturing processes and/or air and water emission
requlations. Another possible source of PCB "manufacture" which may arise
is the reclamation of used askarels from transformers. This may create some
regulatory difficulties.

It appears that either presently or in the near future, GE and Westinghouse
will be the only companies who will service PCB transformers. With the sole
domestic producer of PCBs about to cease production, GE and Westinghouse will
be forced to decide whether to import PCBs before January 1, 1977, in order to
meet an anticipated upward trend in PCB use by the transformer service industry.
GE has indicated that in no event will they stockpile more than a 1 or 2 year
supply.

In any event, the transformer repair industry will remain a potential
source of PCB emissions for the immediate future. PCB air emissions from the
repair shops may need to be monitored and regulated. The majority of documented
PCB releases attributable to the transformer repair industry have occurred
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while transporting filled transformers by truck. Draining of transformers
before they are shipped would alleviate this problem.

Retrofilling of all PCB transformers with silicone based oil is possible
but is not justified on either economic or envirormental grounds. The cost
would be $45,000-$50,000 each for the largest units, and the increased risk of
spills makes this environmentally unattractive. Generally, when a transformer
is retrofilled, scme of the PCBs remain trapped in the windings. However, it
may be possible to remove nearly all the remaining PCBs by periodically
filtering the new transformer fluid through activated carbon until the PCBs
are reduced to an acceptable level.

The users of PCB equipment may be categorized as utility, commercial=-
industrial, and residential. It appears unlikely that PCBs used in residences
(low voltage capacitors) present any great danger because only small amounts
of PCBs are present in any residence and there is little chance that one of
these capacitors will rupture upon failure. There is a much greater danger
from utilities and commercial-industrial users. Spills or losses are known
to occur from damaged equipment and through improper handling of PCB licuids.
It is estimated that 78,295 pounds of PCBs will be released into the environ-
ment each year fram utility transformers and capacitors.

It may be possible for PCBs to enter the envircnment as a contaminant
in another chemical or as a by-product of some chemical process. PCB has been
reported as a low-level contaminant in some cases where water containing
biphenyl is chlorinated. PCBs already free in the environment may become more
of a hazard if contaminated sewage sludge is used as a soil conditioner.

Unless carefully worded, regulations to enforce the ban on "distribution
in commerce" could have adverse effects on inventories, equipment resale, and
maintenance. Strict enforcement could result in the scrapping of large inven-
tories of capacitors without any decrease in the potential for environmental
damage. Another question to be considered is that raised by the disposal of
PCB wastes in a landfill. That is, when the title to the material passes from
the original owner to the landfill operator, does this constitute "distribution
in commerce"?
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MICROECONOMIC IMPACTS OF THE DRAFT "PCB BAN REGULATIONS"

(Draft Report) March 8, 1978

This report analyzed the economic impacts of an early draft of the pro-
posed PCB ban regulations. The draft report was used by EPA in preparing the
final proposed regulations. The material in this report was superseded by
the report of the same title published in May, 1978, except that this draft
report included two appendices that did not appear in the published version.

Appendix C of the draft report, "Characterization of U.S. Waste Oil

Industry,” described in detail the uses of waste oil and characterized the
structure of the waste oil collecting and re-refining industry.

Appendix D of the draft report, "Supply and Demand Effects of PCB Ban,”
presented a formal microeconomic analysis of the supply, demand, and price
effects of the increased demand expected for substitutes for PCBs. The purpose

of this exposition was to correct an error in a similar analysis previously
published by Ashford and Murry of MIT(:L) .

(1) ashford, Nicholas A., Murry, Albert E. (1976) The Impact of Governmental
Restrictions on the Production and Use of Chemicals: A Case Study on
Polychlorinated Biphenyls (Report No. CPA~76-3/b). Canbridge, MA: Center

for Policy Alternatives, Massachusetts Institute of Technology, April 30,
1976.
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"MICROECONOMIC IMPACTS OF THE PROPOSED "PCB RAN REGULATTONS"

MAY 1978
EPA 560/6-77-035
NTIS PB 281 881/3wP

The purpose of this study was to evaluate the economic impacts of the
proposed "PCB Ban Requlations." These requlations were prepared by the Office
of Toxic Substances of the U.S. Environmental Protection Agency with the
technical support of the Interagency PCB Work Group. These requlations implement
the bans on various PCB activities which were established by Congress in Section
6(e) of the Toxic Substances Control Act - Public Law 94-469.

The economic costs reported are those directly and indirectly attributable
to those changes in future PCB activities which would be caused by implementa—
tion of the proposed requlations. From the wording of Section 6(e), it is clear
that the intent of Congress was to ban the manufacture of PCBs after Decenber
31, 1978, and to ban the distribution of polychlorinated biphenyls (PCBs) after
June 30, 1979. Therefore, the long-term costs of using substitutes for PCBs
will be a consequence of this legislated ban on the manufacture of PCBs and
not a consequence of discretionary requlatory actions taken by the Environmental
Protection Agency.

This analysis of the proposed regulations considered both the direct costs
of complying with the requirements and the indirect effects of these requirements
on price levels, capital needs, employment, energy consumption, and the avail-
ability of strategic materials. The calculated economic impacts were the
incremental impacts of the proposed regulations on a base of 1976 practices
as modified by the previously promulgated PCB effluent standards and the marking
and disposal regulations. The costs of these other PCB regulations were con-
sidered during their development and are not considered to be a result of these
proposed ban regulations.

The expected transitional and long term costs resulting fraom the proposed

regulations are summarized in the following tables. The report also estimated
employment effects and other economic consequences.
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Table 1

Transitional Cost Impacts of Proposed PCB Ban Requlation

Iteam {Chapter
ICH fransfoneers:
Manufacturer clean up costa {16)

Ban on Relnilding (4)
Foregone Savings

Ioat Service Pine

Transformer Service (5)
Lost Wages
Spill Preveution Plan
Locomotive Transfoomers (6)
Retrofill Program
Processing Program
Final Analysis for ¥(Bs
Beporting
Spill Prevention Plan
OB Capacitors
Fauipment Redeaign {15)
Invenlory Obsolescence (1)
01l Pilled Transformers (7)
FCB Analysis and Disposal

Mining Machines (8)
Relnild Loaders
Scrap Continuous Miners
Beporting Costa
Spill Prevention Plaps

$ Million Per Year

Suceeeting
1979 _Yoars
5 .1 0
14.3 3.4% less
per year
2.4 3.4% less
per year
1 ]
0
1 0
2.7 (2 vears)
0 -1 {1983)
.DOS 0
.62 0
*
1 0
24 3.4% less
per year

Complete by Dec. 31, 1981
Oomplete by Dec, 31, 1961
.02 0
. 1]

*Data mot available Lo sypport estimate; probably small cost ispact,

$ Million

_otal _

.1

420

18

100

Fstimated
Reliability
_of ‘utal

=508 1500%
150%

150%

1100%
11001

120%
120%
120%
1100%
150%

1100%

+30%

120%
150%
1100%
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Table 1
Transitional Cost Impacts of Proposed PCB Ban Regulation {Continued)

§ Million Per Year

Estimated
Succeading $ Million Rellability
Item (Chaptor) 1979 Years Total of otal
Electramagnets (9)
Replacement Cost ‘§ 1.5 0 % 1.5 120%
Ircreased Labor Costs .5 0 .5 ~100% 19004
tiydraulic Systems {10}
Me Casting Machines
Analysis and Sanpling .8 (1] .8 150%
Report ing .2 1] .2 1508
Spill Prevention Plans .5 0 -5 140%
Docontamination 7.3 7.3 {1980} 4.6 =304 +2004
Other llydraul ic Syatbang
Decontamination 1.6 1] 3.6 ~30% 1100%
Production Intervuptions *h a b ]
tieat Transfer Systems {11) "k o rk * &
Conpressors (12} .2 0 2 ~50% 1100%
Reclaimed OLY (13)
Increased Oost of Synthetic Road
01 Material 160 100 {years 2-5)%»*% 500D ~-80% 110%
Increased Cost of Toad 01} 6.4 {years 6-15}) G ran ~B0% +200%
lost Production of Reclaimed .4 .4 (1900} .8 120%
Hydraul ic Fluid
Phihalocyanine Pignenta {14)
Process Changes .5 o 5 ~50% +200%
$168.3 million §1,892 million -60% 1403

**pala not available to support estimate, potentially large cost impact.
*#a0osta 1o continue indefinitely untll waste Industrial oll no longer contalng measurable amounts of POhs.

sadaeor bound estimate. Decreased domand may result in signdflcantly reloced impucts,

Ly-O
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Table 2

C-48

Long Term Cost Impacts of Proposed PCB Ban Regulations

Transformers: (Chapter 16)

Increased cost of non-PCB transformers
Increased fire losses

Capacitors: (Chapter 15):
Increased cost of non-PCB power factor
capacitors
Increased cost of non-PCB capacitors

Increased fire losses
Decreased service life

Dairylide Yellow Pigment (Chapter 14)
Increased cost of substitute pigments

TOTAL

$0 to 10 million/vear
Data not available

$5.5 to 10.9 million/year
$7.8 to 10.3 million/year
(+ 50%)

Data not available
Data not available

$10 to 25 million/year

$23 to 56 million/year

Present value of long term cost inpacts assuming 10%
discount rate = $230 to 560 million
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PCB MANUFACTURING, PROCESSING, DISTRIBUTION IN CCMMERCE, AND
USE BAN REGULATION: ECONCMIC IMPACT ANALYSIS

FINAL REPORT
MARCH 1979

EPA 230-03/79-001

NTIS No. forthcoming

This report is a revision of the report "Microeconomic Impacts of the
proposed PCB Ban Regulations." The report summarizes the econcmic impacts
of the pramilgated ban regulations and incorporates the information made
available during the rulemaking hearings on the proposed regulation. The
total econcamic costs and estimated pounds of PCBs diverted fram the environment
by the regulation are sumarized the following Table.
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Economic Costs of the PCB Ban Regulation

Chapter
Number Item

3 Scrap Spare PCB
Capacitors

3 Remove PCB Capacitors
from Equipment in
Inventory

4 Ban Rebuilding
Askarel Transformers

5 Retrofill Railroad
Transformers to 6%

5 Retrofill Railroad
Transformers from
6% to .1%

6 Require Incineration of
Transformer 0il

7 Special Storage Areas
at Transformer Service
Stops

8 Retrofill/Ban PCB Miner
Motors

9 Ban Rebuilding Electro-
magnets

Total Cost
$ Million

1

1,000

6.7

5.15

96 to 510 (30 yrs)

¥*

2.6 to 4.3

.96

Pounds PCBs Diverted Cost per Pound
from the Environment of PCBs
500 $ 2,000
5,360 $187,000

These costs will be significantly reduced or eliminated if EPA
grants exemptions from the "distribution in conmerce" ban.

397 to 771 (30 yrs)

47,000 to 925,000 $429 to $16,400
**(3.76 million 1b) %% (>81.75)
total
%% (80,240 1b. total) *% (>$68)
200,000 $480 to $2,550
* *

? (27,500 1b total) ? {>$94 to $155)

200 to 2,000 $480 to $4,800

*Information not available in record to make estimate.

**Figure represents total amount of PCBs in this use.

Information not available in record to

make an estimate of amount diverted from the enviromment.

0g-0
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ECONQMIC COSTS OF THE